- 


waren TRE RULES A ARE DEnONSTRATED, 


WE „55 | 1 


- 
* 
45 7 = 
* 1 * 
= 0 © = * — 3 
- F © 0 jp . * 4 
* 
\ ö - 
Y . = * 11834 * . # : - * 

2 - y 1 7 * 

1 3 W. 1 ＋ 7 

N * - ** 


ro WII IS PREFIZED;. 


—. By CHARLES.BUTLER, 
* THR Nr rie 


5 % Ae Enfers, Ihe 
8 ſtud y. 
as J bilitiee before thejmagidation, ot 
„ . eee | 
___appearto met heſt Kate ot perfeRiony” at lich our facul» TT 
- } Ges eg an cute obſervations. aid . —— 
N N of” things, Joined _ habit of comparing a ye: 
9 them, nöt unlike, that cafting about of the thou which takes 
5 in the ſolution of Algebraic. problems, I the only. 4 8 


1 Wann LENIN „ 
2 WS * 2 | / 8 ee 3 


„ 


1 4 K + * 
. >, -- > 2 -% 4 bY 
% , . = . . » A> L 
* * . * - \ >. * = 4 TY AY * — * 
R bh - _ .. - =>. * 7 * a 
p — 4 8 . FP * * 2 


— 1 

= 
5 

= : * Tv + 
4% 


5  Briglod-for 8 sraunrar, Ne 45. Suu. Fee 3 


18 


. 


RICHARD BERENS, Ee. 


SIR, 


Evxxx ſpecies of knowledge is 
good and valuable in proportion as it is 
conducive to public benefit. That the 
mathematical ſciences are eminently ſo, 
is a truth with which you are well ac- 
quainted: this added to the clearneſs of 
the reaſoning employed, and the certainty- 
of the concluſions obtained, were motives- 
ſufficient to induce you to proſecute theſe 
| ſtudies with an ardour ſuited to their im 
portance. | : oY . 


| 
wy 


To cultivate thoſe excellent qualities. 
which ultimately promote the good of ſo—- 

ciety, is the characteriſtic of a noble and 
generous mind. This has diſtinguiſhed 
| "FH 3 thoſe 


( iy ) 

-thoſe of your worthy relatives, whom $ 
have the honour of knowing; and it is but 
juſtice to acknowledge, that you have done 
credit to their example. #£ 
Tur you may ever enjoy chat pleafure 
which reſults from rectitude of heart and 

e ae 5 is the lincere 
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Your moſt obliged 
| Humble Servant, 
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Tua winr of inquiry which ſo eminently dif- 
tinguiſhes the preſent age, has rendered the ma- 
thematics a neceffary part of learning; for in 
proportion as natural philoſophy and the uſeful” 
arts have advanced, the ſtudy of theſe ſciences has 
become more generally requiſite; andthe means of” 
communicating them having from time to time 
been,varied,. extended, ant eee WL 
of education might at firſt ſight be ſu com- 
But an attentive review of the elementary books 
on Algebra, and a littte experience in teaching, 
will ſoon convince us that every thing neceſſary 
to the purpoſes of inſtruction has not yet been 
accompliſhed. The writings of Newton, Saun- 
| | 5 2 


PREFACE. 


- derſon, Maclaurin, Emerſon and Simpſon, have 
been, and ſtill are juſtly conſidered as patterns of 
elegance and perfection, and as ſuch, are neceſ- 

| fary to complete the ſtudies of thoſe who would 
become great proficients ; but to minds accuſtomed 
to abſtract reaſoning, and conſtantly buſied in 
ſpeculations above the reach of ordinary capa- 
cities, it muſt be a very difficult taſk to ſtoop to 
the wants of the novice, accordingly we find in 
their valuable books very little of the kind of in- 
formation wanted by a meer beginner. Thoſe 

authors, it is true, have proceeded regularly from 
firſt principles, but they have treated of the der | 
mentary parts with ſuch exceſſiye brevity, as 
leads us to imagine, that-theſe were admitted ta- 
ther for the ſake of method, chan as adequate in- 
troductions to the e and difficult matters 
which follow. 


'To ninedy this defect, is a taſk which has fal- 
len to the lot of others, who perhaps, were not 
ſo well qualified to excel in the higher depart- 
ments of literature; and although it muſt be a- 

| knowledged, that introductory treatiſes of great 
merit have appeared, yet it happens, that in the 
greater nunber, either too little, or tod much has 
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PREFACE. - 


been done, by which means the tutor is ſubjected 
to ĩinceſſant drudgery; or the whole work being 
performed, the pupil has little elſe left nn 
his — than ee to tranſcribe. | 


The preſent work Snot to be conſidered as a 
complete treatiſe, or as entering very deeply into 
the ſubje& (although what is here given will be 
ſufficient for moſt learners,)- but rather as a plain 
and eaſy introduction, fuited to remove ſome of 
thoſe. obſtacles which uſually retard the progreſs 
of the ſcholar at his firſt ſetting out, and to furniſh 
him with information ſufficient to render an ap- 
plication to the tutor ſeldom neceſſary; in this 
reſpect, it will be found uſeful to thoſe who are 
without the advantages of verbal inſtruction. 
Here every thing is made plain and eaſy, phraſes 
and technical terms are as much as poſſible avoid- 
ed, the rules and explanations are written in 
familiar language, many of the examples are 
wrought out at length and explained, ſome are 
wrought out without explanation, and others are 
left entirely to the {kill and ſagacity of the learner. 
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But however the. prefent work may: ſuit the 
capacity of a learner, it will be neceſſary to be- 
ſpeak the candour and indulgence of the man of 
ſcience: he will probably expect to ſee the ſeveral 
parts exactly fitted and proportioned like thoſe of a 
well finiſned machine, ſo as to conſtitute one 
complete and entire whole; in this I fear he will 
be diſappointed: a ſtrict ſcientific arrangement, 
however deſirable, can ſeldom be admitted without 
prejudice into books of rudiments. In theſe what- 
ever is difficult muft in the beginning. be kept out 
of ſight, and the matters diſpoſetl not in the exact 
order in which the mathematician contemplates 
them, but in that which is beſt ſuited to the m- 
prehenſion of the learner, In theſe the deaviy 
and elegance of the whole muſt yield to a mittvte 
and circumſtantial attentidn to the parts, and a ſcien- 
tific brevity of ſtile give place to cireumlocution, 
and even ſometimes to tautology. Fl 


The ſubjects are * Ca atk not 
in the uſual order, but that in which it is judged 
they will be beſt underſtood; and .concife and 
elegant demonſtrations have ſometimes been omit- 
ted for others leſs ſo, when it was ſuppoſed the 
latter would be eaſier comprehended. 


My 
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My beſt acknowledgments are due to all who 


have in any manner contributed to the preſent _ 


deſign, particularly to the Rev. Mr. Gilpin, and 
many gentlemen who have been, or ſtill are 
members of Cheam ſchool. How far the book 
will anſwer the intention with which it was writ- 
ten, experience alone will prove, and whether the 
author is entitled to indulgence or cenſure muſt be 
left for others to determine. Of the typographical 
errors,' the. uſual plea, of diſtance from the preſs, 
may with great truth be alledged as the cauſe ; 
and for other imperfeCtions, excuſes might be 
offered: but as the aſperity of criticah,cenfure is 
ſeldom ſoftened by apologies, the work is left to 
plead its own cauſe. | - 


iS Vous trouverez dans cette qyvyrage-ci 
Du paſſable, du bon, et du mauvais auſk : 
C'eſt ſur ee pied qu'on vous le livre, | 
Lecteur, attendez-vous-y bien, 
Voila le portrait de tout livre, | 
Cemne c'eſt le portrait du mien. | | | 
| do Cacau 
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On the Uſe of Mathoniatieal Learning, with Hire: 
tions to ai thoſe _ Audy without i a lle. | 


To teach 3 idea how to ſhoot, 
To poke | the freſh inſtruction o'er the mind, 


— fix 


2 he es. purpoſe in the glowing breaſt. 
| Dee 


Tur eee and uſefulneſs of mithcrnaceal 
learning, having been largely inſiſted on by wri- 
ters. of the firſt abilities, little new can be ex- 
pected on the ſubject; but to thoſe whoſe read- 
ing has not extended to the works alluded to, 
z repetition of the ſentiments contained in them 
will not be unacceptable, and will be fully ſuf- 
ficient for the preſent purpoſe, being calculated to 

- excite in the- es, mind a chirſt _ uſeful 


knowledge. | 5 


Mathematics is à ſcience, which treats of the 
properties of magnitude, fo that whatever is ex- 
tended, or (in other words) whatever occupies 
ſpace, is the ſubject of mathematical reaſoning : 
now every thing we ſee-or touch, or of which 


our ſenſes « can take any cognizance, fills ſpace ; 
there- 


On THE MATHEMATICS. v 


therefore n nm: to oe 
ching in nature. 6 
Gebtmetty is th un and n branch of 
the mathematics; it treats of extenſibn or magni⸗ 
tude, under the form of lines, fupetficies, and 
ſolids. Subordinate to Geometry ate Algebra and 
Arithmetic, theſe may be conſidered as one and 
the ſame, ſince both treat of the calculations of 
quantities; the firſt ' by general See and 
the latter by numbers. 
Theſe therefore, which treat of magn OY BY 
| Dae de, are the foundation of all ike other 
branches, and are called pure or abſtract mathe- 
matics, becauſe they inveſtigate, and demonſtrate 
the properties of magnitudes, and quantities, con- 
ſidered purely as ſuch, without regard to their 
application, ſuppoſing them diſtinct, and apari 
from all ſubſtance whatever. But when pure 
mathematics is applied to particular ſubjects or 
uſes in life, as in computing the length of a 
rope or way, the dimenſions of a field or houſe, 
the height of a tree or a tower, theſe conſtitute 
| 1 practical mathematics, a very extenſive 


branch, 
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1 On THE MATHEMATICS. 


branch, - comprehending many others, as * 8 
nomy, geography, navigation, trigonometry, men- 


ſuration, optics, perſpective, hydroſtatics, ſur- 


veying, architecture, fortification, gunnery, &c. 
&c. &c. with all that part of natural philoſophy 
which treats of motions, velocities, forces and 


effects in general“. 


"=, 


| Hence many of the neceſſaries of life, as well as 
its conyeniences and luxuries, are obtained through 
the medium of mathematical knowledge, To this 
the architect owes the contrivance and execution 
of his plans, and every building, from the ſump- 
tuous palace to the peaſant's cot, owes its exiſtence. * 
By this, ſtately ſhips, which protect our coaſts or 
waft to our ſhores the produce of foreign climes, 
are conſtructed; by it the hardy failor ſhapes his 
courſe acroſs the pathleſs ocean, and the intrepid 
ſoldier contrives his operations' for the annoyance 


of our enemies, or to defend us FRO” them. 


The fable miner ranſacks the bowels of the earth 
to procure metals for our uſe, or fuel for our fires; 
and r ingenious Were adjuſts the \ various 
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2 0 y Mathefi philoſophiam n naturalem — 1 debere. 85 
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machines 


On TRE MATHEMATICS. * 
machines contrived for public benefit, and tht 
abridgement of manual labour. To riiathematicat | 
principles almoſt every inſtrument we tfe* is in- 
debted for its perfections, and by them the extent 
and value of property of every _— is accurately | 

ak el. 
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Hence it wil appear that dba, 1 
dered with reſpect to its itnmediate application, is 
indiſpenſibly neceſſary to complete the philoſopher, 
the mariner, the ſoldier, and the artiſt; but it is 
by no means confined to practical arts, and Hecef. 
ſary computations e; i has another bhiyett of &quit 
if not greater importance, which render If Wort 
thy the attention of Yllthe mathematics 5 
eminently ſerviceable to ftrenghten, and improve 
the intellectual faculties, and fit them for every 
kind of ſpeculation. 4 Would you, ſays Mr. 
Locke t, have a man reaſon well, you muſt uſe 
him to it betimes, exerciſe his mind in obſerving 
the connection of ideas, and following them in 
train; nothing does this better than mathematics, 

which, therefore, I think ſhould be taught all 
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chole ho have time and opportunity, not ſo 
much to make them mathematigians, as io make 
them reaſonable. creatures. 41919 Fomls 2nlgoning 
rng Al 01120140. znoifghny. a 101 bojdol 
* It is the habit of reaſoning. that makes a rea- 
| Samet and therefore the true way to acquire this 
talent, is by being much converſant in thoſe ſciences 
"= the art of reaſoning is Allowed. to reign in 
cients, who ſo well 3 — the, manner of 
forming the mind, always began with the mathe, 
 matics, as the foundation of their philoſophical 
ſtudies: Here the pnderſtanding | is D degrees 
habituated to truth, contracts inſenſibiy a . certain 
"fondneſs for it, and learns never. to, yield its aſſent 
to any propoſition but where. the evidence is ſuf - 
ficient to produce; full conviRtion.,, For this rea · 
ſon Plato has called mathematical demanſtrations 
The Cathartics: r Purgatives. of the: Souh;- being 
the proper means to eleanſe it from erfor, and re- 
ſtore that natural wxpraiſe, of its E 2 9000 
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— Notum eft eee in gymnaſii ſui limine---Nemo huo 
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_ ourſelves in mathematical demonſtrations, ſo as to 
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kabit'of reaſoning cloſely and in train, we cannot 
take any more certain metliod; than the exerciſing 


contract a kind of familiarity with them; not that 
we look upon it as neceſſary that all men ſhould be 
deep mathematicians, but that having got the way 


; of reaſoning which that ſtudy neceſſarily brings 
. the mind to, they may be able to transfer it to 


other parts of knowledge as they ſhall have occa- 


ſion; © for in all ſorts of reaſoning,” every ſingle ar- | 


gument ſhould be managed as a mathematical de- 
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I ſhall ſum up the whole in the 8 
of the excellent Dr. Barrow t. The mathema- 


tics, ſays he, effectually exerciſe,” not vainly de- 


lude, nor vexatioufly torment ſtudious minds with - 


obſcure ſubtilties, but plainly demonſtrate 
thing within their reach, draw certain Concluſions, 
inſtru by profitable rules, and unfold pleaſant 


queſtions. | Theſe n likewiſe! enure and 
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1 See his inaügwrel dration on beitig 9 Profeſibr or 
Mathematics at Cambridge, 166% i = bro Tg tw. a0 
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If, therefore, we would form out minds to a 
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great number of particular coneluſions —theſe 
being regularly. deduced are employed as prin- 
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ung mind to. a conſtant, mti 
ſtudy ; they wholly: deliver us from a gredulous 


fumplicity, moſt. ſtrongly fortify us; againſt the 


vanity of ſcepticiſm, effectually reſtrain us from 
a. raſh. preſumption, moſt eaſily. incline us to a 
due aſſent, and perfectly ſubject us to the govern- 


ment of right reaſon. While: the mind is _ 


ſtracted and elevated from ſenſible} matter, - dife 


 tinQly. views pure forms, Sale ths Kit: 


idgas, and inveſtigates the harmony of propor- 
tions, the manners themſelves are inſenſibly cor. 
rectified, the fancy calmed and ſetiled, and the 
underſtanding rang and exalted to more divine 


| | „ 
camtomplations,.” 1 Ls OY $17 4 1 4 1 
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'In isthe buſineſs of Wer 4 an ingeniout 
Writer, from a few general principles ta draw a. 


ciples and other concluſigus. .drawa from them, 


4 again from, theſe others are obtained, and fo 
on without end—it will de neceffary for us to- 
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ſhew what thoſe principles are, how the contlu- 


fions are derived, * N rrp n, 
uſe of. * 


. a ont 


poſtulates, axioms, propoſitions,” problems, the- 
orems, lemmas, corrolaries, and ſcholiums. The 


firſt principles of | ſcience" are definitions, from 
theſe by means of legitimate reaſoning. (viz. by 
deductions fairly made) 68 en On” iy 
tute ſcience are derivee. 2 25 


or word, ſhewing the ſenſe in which it is to be 

| underſtood, or it is an enumeration of thoſe pro- 
perties which conſtitute the thing defined, and 

diſtinguiſh it from every thing elſe. N N 


=. „ RE which FRE is 


n , 

0 — « 
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« 
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= The word 3 in „ "> refirained 
to what Euclid calls a theorem, in every theorem there is what 
logicians call the ſubje# and the predjcate. So prop. 37. book l. 
Triangles on the ſame baſe and between the ſame parallels is the ſubs 
$e#, and it is predicated of ſuch triangles that rhey are ,. 


0 . A eonverſe 


. 


either to be done, or to be proved, in the former 
caſe it is called a problem and in the latter a theorem · 
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When what, the problem requires to be done 
is ſo manifeſtly poſſible as to want no argument to 
prove it, ſuch a problem is named a poſtulate. 


In like manner when the truth affirmed in a 
theorem is ſo ſelf evident as to require no proof, 
ſuch a theorem is named an axiom. 


A demonſtration is that proceſs, by which the 
truth affirmed in the propoſition is clearly made 
out and 2 


_ A converſe propoſition is one whaſe ſulyect is the fredicare of 

a former propoſition, and whoſe predicate is the ſubject of that 
propoſition, Thus prop. 5. may be expreſſed in this manner, 
if two fides of a triangle are equal, the angles oppoſite them will be 
equel, and prop. 6. is its converſe, viz. If two angles of a tri- 
angle are equal, the fides oppoſite them wilt be $qual; prop. 4 
and8.....Þ13 and 14.,.. 18 and 19 . 24 and 23, are 


reſpectively the converſe of each other, and prop. 29 is the con- 
verſe of * 27 and 28. See Ludlam's 1 ntroduBion to Euclid. 


ES a propoſition, the conditions laid cod are called the 
premiſes or more frequently the hypotheſis. The word hypotheſes 
in its general acceptation, means a ſuppoſition on which reaſoning 
is founded, if an hypotheſis be true all deduQions from it will be 
true, but if the hypotheſis be falſe the conſequences drawn N 
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A direct or poſitive demonſtration is that whicts 
gives a direct and certain proof of the propoſitĩon . 
it begins with the premiſes laid down in the pro- 
poſition, and from theſe and ſelf evident principles- 
it deduces conſequences, and from theſe and the- 
principles, other concluſions, and ſo on, thus 
it proceeds deducing one truth from another in 
ſucceſſion, till 2 firſt to 223 
. follow e. | 


An indirect, negative or apagogical demonſtra 
tion, called alfo a feductibo ad abſurdum, is that 
which. proves a propoſition, by ſhewing that the 
contrary ſuppoſition is abſurd and impoffible;;- - 
accordingly it begins by aſſuming a propoſition 
which directly contradicts what we mean to 
prove, and concludes by ſhewing the tary 
and falſhood of the aſſumed A er 


— 16-6 ahh (hl 
from obſerving that a propoſition is true in 
every particular caſe to which it has been ap- 
plied, and from thence inferring that it holds 
true in all caſes ; ſuch a proof, although it does 

Cc 2 not 
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not amount to a general demonſtration, is ſome- 
times neceſſary when a n cer cannot 
be had. IP | | 


The ſolution or reſolution of a problem is the 
proceſs or ſyſtem of reaſoning, employed in finding 
the anſwer required; when this is performed by 
numbers, it is called a numerical ſolution ; when 
by geometrical principles, a geometrical ſolution ; 
and a mechanical ſolution when it is obtained by 


| 5 lemma i is a 338 2 laid down, 
as neceſſary to ſhorten the proof of en propo- 
ſition which follows..;. > . 


A CE or n is a truth obtained 
over and above what the propoſition requires, and 
whoſe demonſtration is for the moſt part included 
in that of the propoſition. 
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' * Tn a problem, the conditions laid down, including all the 
- quantities given, are called the "oY and 95 unknown 145 of ; 
: * or anſwer the e, 
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A ſcholiuma | 
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1 ſcholium is a remark or obſervation; dude 
mn 541 199769] eee 


VU 


01-6 iy fo ales of terized] ee 
vering truth, by reſolving a propofition into its 
original principles or component parts, ſo as to 
determine preciſely what thoſe parts or principles- 
are; this is called the method of invention or 
reſolution, or the method of reaſoning @'pofferivri, 
employed in tracing and finding out cauſes from 
their effects, and is that made uſe of in Algebra. 


Syntheſis, or the ſynthetic method, is that by 
which truth is obtained, by laying down known 
principles, and purſuing the conſequences flowing 
from them, tilt we arrive at a concluſion before 
unknown; this is called the method of compoſition, 
or of reaſoning à priori, it proceeds from 'caviſes 
to find out and determine their effects, and is 
therefore the reverſe of analyſis; hence whateyer 
has been found by analyſis, may be demonſtrated 
in a contrary order by ſyntheſis ; by this method 
the propolitions in Euclid are demonſtrated. 


3 
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Me now proceed to offer ſome advice to the 
unaſſiſted learner reſpecting the order in which 
the Mathematical Sciences are to be acquired, 
with the leaſt difficulty ; and in this 1 would not 
be underſtood as dictating to thoſe who have the 
advantage of tuition ; the beſt method ſuch can 
obſerve, if they deſire to improve, is to follow 
ſtrictly the advice of their tutor; nor would I in- 
ſinuate that the following is the only ſucceſsful 
Plan, there may be others equally good; but ex- 
perience has taught me that this is very well 
adapted to the generality of learners. 

F irſt, I would 8 an attention to the | 
fundamental rules of * Peruns VIZ. Nume- 


ey 1 * rc 


— — — CAT WE 
* Hutton's Practical Arithmetic, and Wabkingame' $ Tators 
Aſſtant, are proper N for this * | 


4 proruring 1 books, thoſe are to be preferred 
which contain the whole ſuhject from firſt principles, or which 
refer to Euclid's Elements, or ſome well-known book; by not ob- 
ſerving this rule, it will oftentimes be neceſſary to procure ſe- 
veral books before one ſubjeR can be underfiood—ſee inſtances 
of this in Emerſon's Works, particularly in bis Arithmetic of 
Infinites and Conic Sections. 


ris. 
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ration, with addition, ſubtraction, multiplication, ws 
and diviſion, both ſimple and compound; re- 
duction, vulgar and decimal fractions, ex- 
traction of the ſquare root, and a little of the 
rule of three; theſe will be ſufficient, if under- 
ſtood well enough to perform the operations with 
tolerable eaſe; but it will not be neceſſary at this 

time for the learner to trouble himſelf about the 
reaſons on which theſe operations are founded, 

they. will be better underſtood hereafter, for it 

ſeldom happens that young perſons can underſtand 


the theory till they are pretty expert in the 
practice. | 55 


The learner may now begin Algebra, taking 
care to acquaint himſelf well with notation and 
the uſe of the ſigns, and to underſtand practically 
the rules up to quadratic equations, - omitting for 
the preſent their demonftrations, with whatever 
elſe appears difficult; it will now be time to un- 


dertake the * Elements of Euchd, learning the 


defini- 4 


I make uſe of Simſon's Euclid, thinking it the eafieſt for 
beginners, Mr. Playfair's Euclid is a very good one, and con- 
111 A - tains - 
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XX DIRECTIONS. | 
definitions by heart, and if they are not all tho- 


roughly underſtood he need not be uneaſy, for the 
uſe and application which perpetually occur in * 
mn will ge him i in an. A * 


— the 4efinitions, the learner will ſee, 
and readily acknowledge the poſſibility of what 
the poſtulates require, and admit the ſelf-evident- 
truths affirmed in the axioms ; theſe, with the 
definitions and poſtulates, he mnſt endeavour to 


remember, as being the principles from which 


every deduction is made. The 12th axiom may 
however be omitted for the preſent, as not being 
likely to be underſtood; but it muſt be referred to 


immediately after the 28th propoſition in the firſt 


= 
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ue whas its truth and evidence will W 
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tains ſome ofefal things aha e former does not, a 


rectiſication and quadrature of the circle, &c. but the Sth 


book, which is demonſtrated in the-conciſe language of Algebra,. 
will not eaſily be underſtood without aſſiſtance. Watts's or 
Duncan's Logic ſhould now be read, as affording much uſeful 
information on reaſoning ; and after theſe Watts's Improvement 
of the Mind, of which Dr. Johnſon obſerves, that © Whoever 


has the care of inſtrufting others, may be charged with defi- 


| cience in his duty, if this book is not recommended.“ 


i . « Life of Dr. Nai. 
In 
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In the propoſitions the general enunciation Comes 
firſt, in this the premiſes are laid down, and the 


conſequence intended to be proved is affirmed in 


general; the enunciation is next applied to the 
annexed figure; then follows the conſtruction in 


which all lines, &c. neceſſary to the intended 


proof, are directed to be drawn; next the truth af- 
firmed in the enunciation is demonſtrated ;, and 
laſtly, the enunciation is repeated with an af- 
firmation that what was. 3 is done or 
1 | 


* 0 
7 27 . * 


The demonſtration. of a 88 is not to 
be learned by heart only, but eh ace 8 
agreement of every ſtep with the precedi 
with ſome ſelf-evident truth previouſly laid down 
muſt be aſcertained. as we go on, ſo that every 
concluſion may be traced back to firſt principles, 


and its neceſſary dependence on them clearly ſeen; 


this will not r . the aſſent, but we 
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* E D, at the end of a demonſtration, denotes Quod erat 
demonſtrandum, which was to be demonſtrated ; Q E F quod erat 


faciendum, which was to be done; and QE I quod erat invefli- 
, which was to be inveſtigated. 


duce 
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duee the fulleſt conviction of its truth and cer- 
tainty®. MY 42! 

In demonftrating the propoſitions in Euclid, if 
the principle or propoſition en which any conclu- 
Hon depends, be not perfectly remembered, re- 
ference muſt be made to it— for this purpoſe 


* en 


* A learned French nobleman. reſiding in this country, ina 
letter to one of the author's pupits,”gives him readies An 4 
zallent advice on the ſubject, * | 


«© M. votre Pere m'a marquéẽ, mon bon ami, que vous appre- 
niez les Mathematiques j'en ſuis bien aiſe, parceque, de toutes 
les Sciences, e' eſt fans contredit, la preg nbctfaire, dans mo 
qu? ctat qu'on ſe OG . 
o 81 vous — — m' en eroife, vous- ne vous bornerez pas 
fimplement a concevoir; mais vous vous habituerez a vous en 
demontrer les verit6s, auſſi parfaitment, que fi vous vouliez 
les demontret aux autres, C'eſt comme * ſcience 
vous deviendra ſurtout utile. 

„ M6 perdonyics Tots, bn Non umi, de bous die que Je 
redoute pour votre curiofit6? redoutes la egelement; et ne vous 
permettez, ſurtout en commengant, de marcher de verites en 
verites, qu' autant que vous les aurez bien approfondies. Les 
premiers. principes vous paroitront- aiſes; mais c'eſt ſurtout 
dans leur demonſtration que git Feſſential,” 


. . 
* 


notes 


e 
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notes are given in · the margin, and by turning to 


the propoſition there referred to, it muſt be exa : 


mined and compared with the matter in hand, 
until their connection is clearly aſcertained. 


Having finiſhed the ſixth book, a review of 
what has been done may next take place; all the 
rules in * Arithmetic and Algebra which have been 
paſſed through, muſt be demonftrated ; and what- 
ever has been omitted muſt be carefully Te-ex= 


amined and underſtood. + Plane trigonometry 


comes next in order, and having learned the defi- 


nitions, and demonſtrated the propofitions, it will be 
- neceſſary, previous to entering on the practical 


part, to learn the uſe of a caſe of mathematical 
inſtruments, a little practical geometry, the na- 
ture and uſe of logarithms, with the uſe of 


— ” 


* Mr. Bonnycaſtleꝰ 8 Arithmetic contains the demonſtrations | 3 
of the rules, and is the beſt book for v extant, | 


+ I know of no ſingle book which contains \all that is . 
ſary to the Theory and Practice of Plane Trigonometry, adapted 
to the capacity of beginners z however, it is my intention ie 
publiſh a work on the ſubjet which will contain Plane and 
Spherical Trigonometry, Logarithms, Tables, Practical Geome- 
try, the Uſe of a Caſe of Infiruments, &c. with whatever elle is 
requiſite to this moſt uſeful branch. 8 
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the tables of logarithms, fines and tangents ; 
there are many pleaſant and uſeful queſtions in 
plane trigonometry which may be ſolved by means 
of theſe, and the operations may be proved 7 the 
inſtruments. 


If the learner intends to * navigation, for- 
tification, ſurveying, or any other branch which 
depends on plane geometry, his particular ſtudy, 
he may ſtop here, or rather he may apply himſelf 
to that particular branch which will require little 
more than an application of the principles he has 
learned“. 

But if ſolid Geometry be neceſſary, the eleventh 
and twelfth books of Euclid muſt be learned, and 
at intermediate times ſ the application of Algebra 
* Robertſon's Navigation, Muller's ES LI AY 100 Bon- 


nycaſtle's Menſuration, are the beſt books on theſe ſubjects in 
* Engliſh language. 


A good little treatiſe on ſurveying will be found i in Hutton's 
r N Dielbnerf, vol. 2. p. 542. 


1 + Simpſon's Algebra will be found a very uſeful book for this 
purpoſe, CET: 71 
25 to 


to plane Geometry, with the higher parts of Alge-. _ 
bra, as cubic and biquadratic equations, infinite ſo. 
ries, &. It will likewiſe be necefiary, now or even 
earlier, to, enter on ſome elementary treatiſe of {Nag 
tural Philoſophy and Aſtronomy ; this may be 
conſidered a asa relaxation, and will afford both plea | 

| ſure and profit, Spherical Trigonometry with the 


projection of Spherical Triangles, on a plane, will 
be requiſite for thoſe who would enter deeply into 


Aſtronomy, as will likewiſe the fConic Sections; y 


Lehe application of Algebra, to the, Geometry of 
_ Curves, and laſtly: de doctrine of Fluxionst f 


W-— 
, OO, „ . " 4 : [ 
. =% i - * - v 


++ a * 


= — 
* — „ 


2 


> 


2d 1 44 P. 5 
aſk Nicholfap's 3 ihr, are een intro- 
| dugions, but they, are expenfive. I haxe commonly , uſed 
Hamilton's four Introdufterh Legures to begin. with, | and after 
warde Helſham's Philoſophy. . Boynyeaftle's Ann $09 
haps the beſt introduRion. ip print. | Vf 4 
©" Vinice's Conic Sections, or thoſe in Wa Mathe- 
maticians Guide, or in Hiitton's Mathematics, may be uſed as .- 
introductions, but they do not nay hi ee K 
make uſe of Dr. Hamiltons. oo 19 eu i, 
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Ws and Increments ; theſe have their application in 
. almoſt every branch of ſcience, and will be ſuf- 
ficient to exerciſe the utmoſt abilities of the 


IE; and to 1 e full ſcope t to 5 cara? 
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It has been often remarked, that in company, a meer bela is 
_ very infipid character ; ſuppoſing this to be the cafe; what muſt a 
meer Mithematician be? It behoves the learner then to guard 
_ againſt thoſe fingalarities,which too oflen characQerize the ſtudious, 
and to fill up his intervals of leiſure in improving converſation = 
_ .* with a chearful and judicious friend, and with ſuch other ſtudies, 
as will bet improve his mind, and fit him for ſocial intercourſe. 
Hiſtory is peculiarly adapted to this purpoſe, and that of our'own 
country, ſhould by no means be omitted. Ingenious and moral eſ-- 
_ fays, ſuch as thoſe in the Spectator, Rambler, Adventurer, Guar- 
_ dian, &c. may be read with profit. And here may I preſume to re- 
' eommend a ſtudy, which for its ſuperior importance demands our 
| firſt regard, I mean the ffudy of the ſacred ſcrintures, an a. fric ar- | 
*  Zention tothe duties they incultate. A ſpirit of piety is ſo far from 
being- inconſiſtent with true learning, (as ſome inßdels would 
| have us think) that it adds a Juffre and dignity to all our per- 
formances. This is exemplified in the aecounts ye have of New- | 
ton, Locke Hales, Marlborough, and recently in the conduct of the 
gallant Netfon. ; Surely from this confideration only, the advice- 
will not be rejected, and there are others far more weighty.. The 
Fear of the Lord is "the, beginning of wiſdom. Offer up therefore 
(fays the learned and piqus Dr. Watts) your daily requeſts to God, 
the father of lights, that he would bleſs all your attempts and 
Iabours in reading, ſtudy, and converſation; If the heathens | 
in their works of learning thought it necefſary to begin with God, 
is it not much more» the indiſpenſfible duty of Chriſtians to do 
— Biſhop Saunderſon ſays, that tudy _ ones Atbeiſm, 
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ALGEBRA. 


DEFINITIONS ax NOTATION. 


Ac TERRA is a method of reaſoning, applied in 
A performing the calculations of quantities, by 
means of general characters, n 

The characters made uſe of, are the letters of the 
alphabet, a 4c d, &c. the figures of common arith - 


metic 1 2 3 4, &c. and certain ſigns as + — X L, &c. 


The letters (to which the figures are ſometimes 
Joined) are uſed to denote quantities of all kinds; and 
in the reſolution of problems the firſt letters a&c d, &c. 
are uſually put for given quantities, whoſe values are 
known, and the laſt letters x y z for unknown quan- 
tities, whoſe values are ſought. The ſigns denote 
the operations to be performed. | | 


1. The ſign + is the mark for addition; it is named 
plus (more), and denotes that the quantity to which it 
| FL. ' * | 


is prefixed muſt be added, 


Thus. +5, is read @ plus ö, and ſignifies. that the 


quantity repreſented by 5, is to be added to the quan- 


tity repreſented by a. Alſo, 2+3 (2 plus 3) denotes 


the addition of the number 3 to the number 2. 

2, The ſign — is the. mark for ſubtraction; it is 
named mins (leſs), and ſignifies that the quantity to 
which it is prefixed muſt be ſubtracted. | 


Thus, e—6 is read à minus b, and denotes that the 


quantity repreſentgd by 5, = to be ſubtracted from the 


2 DEFINITIONS AND NOTATION. 


quantity repreſented by a, alfo 5=2 (5 minus 2) 
ſhews that 2 is to be ſubtracted from 5. 

3. Every algebraic quantity muſt have one of theſe 
ſigns either + or = belbnging to it. Thoſe quan- 
tities to which the ſign + is prefixed are called pH- 
ve or affirmative quantities, and thofe with the fign 
— are called negative, and note, that the ſign always 
belongs to the quantity which immediately Litiows it, 
and WR ak © oo, e777 

When an affirmative quantity ſtands by itſelf, or is 
the leading one, when connected with others, its ſign 
＋ is uſually omitted; but the negative fign is never 
omitted in any caſe. | 
4. Quantities are ſaid to have ho hen, when the 
Figns are all + or all —, and to have untike figns when 
ſome are + and others —. | | | | 

Thus + 2ax, and & 34c have like ſigns, ſo have — 
4y and —7ax; but zay and —gay have unlike fipns, as 
Have — and 45. a | | 
ß. The ſign X is the mark for multiplication; it is 
named i», and ſignifies that the quantities between 
which it is placed are to be multiplied together. 
Thus a*4 is read à into 5, and denotes that the 
quantity repreſented by a muſt be multiplied into, or 
(as it is often improperly expreſſed) by the quantity 
3; alſo, 3X4 (3 1 4) ſhews, that 3 is to be multi- 

ied into 4. | ; 

6. The ſign of e ina is not always expreſſed, 
for when a number and a letter, or ſeveral letters ſtand 


together like the leiters of a word, then the product 
of theſe quantities is underſtood, though the ſign & Ts. 


not interpoſed. 2 
Thus 3a denotes 3 Xa, and ab denotes à , and 
4 is the ſame as 4 * N ... 

7. The ſign is the mark for divifion ; It is named 
by, and denotes*that"the quantity WHich ſtands before 
it, is to be divided by that which follows. 


DEFINITIONS AND- NOTATION: 3 


Thus a+ is read 4 4y.6, and ſhews, that the quan- 
tity-@ is to be divided by the quantity 5; alſo, 1273 
(12 by 3) ſhews that 12 muſt be divided by 3. 
The fign of diviſion is frequently omitted, and in- 
ſtead of it, the dividend is placed above the diviſor 
with a line between like a fraction. 
Thus ab is commonly written > and 1273 16 


the ſame with 35 and abe is likewiſe written wi 


3 
8. The fign = is the mark of equality; it is ex- 
preſſed by the word equats, and denotes that the quan- 
tities between which it is placed are equal to each 
other. | Ee: | 
Thus, 3+4=7 is read 3 plus 4 egal, 7, and fhews: 
that if 3 and 4, be added together, the ſun is 7; allo, . 

12— 824 (12 minus 8 equals 4) ſflews that 12 win 
8 ſubtracted from it leaves a remainder of 4, in like 
manner a T-. (a plus & equads c minus.. 

9. Two dots placed between quantities denote the 
ratio of thoſe quantities to each other; thus: a.: Sex- 
preſſes the ratio of à to 5, and 5: 4 expreſſes that af 

8 N - 0 
K 10. Four dots thus : : denote ortion. The ex- 
preſſion @ : & :: c : d denotes that a has the ſame ratio 
to 5 that « has to 4, and is read thus, @ is m & as c 10 d. 

11. The coefficient of a quantity is the number 
prefixed. to t. | | $87 $3% | 
Thus, in the quantities 3a, 4ax, 7xyz, 3, 4, and 2 
are the reſpective coefficients, 

When, a. quantity confiſts of two or more letters, 
hes: letters may be conſidered as coefficients of each 
other. 

Thus, in 46 a is the coefficient. of à and & of a, and 
in the quantity axy a may be conſidered as the coettt» 

3 . 2 
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cient of xy, x the coefficient of ay, and y of ax. Theſe 

coefficients are ſometimes called fellow factors; it muſt 
likewiſe be obſerved, that the numbers are calied nu- 
mera] coefficients, and the letters literal ones. 

12. A ſimple quantity is that which conſiſts of one 
letter, or of ſeveral joined together like the letters of 
a word, or of a number and letters ſo joined, 

Thus, x, ay, zab, 5axyz, are ſimple quantities. 

13. A compound quantity conſiſts of ſeveral ſimple 
ones, called its terms, connected by the fign + or —. 

14. A binomial is a compound quantity conſiſtin 
of two terms, a trinomial of three, a quadrinomial 0 
four, and a multinomial of ſeveral terms. 

Thus, e+x is a binomial, a+y+z a trinomial, 
a—b+c—d a quadrinomial, and a+ -e tit -, 
&c. is a multinomial. Ps 

15. A reſidual quantity is a binomial, having one 
of its terms negative. 

Thus, a—6, x—y, and -, are refiduals. 

6. The power of a quantity is either the 2 
itſelf, called its firſt power, or it is the product whic 
ariſes by multiplying the quantity into itſelf, which 
product is called its ſquare or fecond power, or it is 
the product of this laſt into the given quantity, which 

roduct is called its cube, cc. | 
Thus, a is the iſt power of a. 
h a xa or aa is the ad power or ſquare of a. 
aa Xa Or aaa is the zd power or cube of a. 
aaa Xa or aaas is the 4th power or biquadrate of a, 
&c. | | Oy 
17. But theſe powers are commonly and more con- 
veniently repreſented by figures placed over the letters 
and a little to the right, as a*, x3, y*, thefe figures are 
called indices or exponents. 
Thus, x* is the ſame with xx, and repreſents the 
ſquare of x. 7 
x* is the ſame as xxx, and denotes the cube of . 
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#08 the ſame as xxxx, and denotes the ath power 
of &; 
In like manner x5, *, a7, &c. repreſent 15 — 
6th, 7th, &c. powers of x, where 2, 37 45 . 0 

7, are. the indices reſpectively. 

18, The root of a.quantity ĩs that which being 1 mul. 

tiplied continually into itſelf at length produces the 
given quantity. 

Thus 4 is the ad root or ſquare root of a, - becauſe 
aXa=a*; in like manner a is the cube root of a?, the 
4th root of a*, &c. 

19. The roots of pms are denoted by the ch 
racter /, called a radical u placed before the 
quantities, or more conveniently by Podtional indices” 
placed over them, a 


Thus, /a or af denotes the ſure root of * 7g 
J or ar — its cube root; 


* +a or a — its 4th reot, &. $2006171 
2, ports. which have no radical ſign or frac: 
tional index, are called rational quantities. 

21. Quantities, which have a radical, ſign or frac- 
tional index, are called irrational quantities or ſurds. 
22. Like quantities are ſuch as conſiſt of the ſame 
letters with the ſame indices. | 

Thus, 7 and 4 „ and 1a, are like 

4308 are 3xy*—4xy* and — . 

2 Opie quantities are we ich as conſiſt'of different 
ec. or of the ſame letters with diſſerent indices. 

Thus ax, 5x, .cx*, and 5*x, are unlike. 

24. A vinculum is a ſtraight line aun 0 over 1 
top of a compound quantity, thus, S; it de- 
notes that all the quantities under it are to be conſi - 
dered as one, with reſpect to any fign 8 
them to other quantities. 

B 3 


wa R = T 
— IS — » nnr 
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Thus, a3 xc denotes that the ſum of a and bis to 
a be multiplied into c; alſo, 34475 x6 ſhews that the 
ſum of 3, 4, and 5, muſt be multiplied into 6. The 
following example is given both with and without the 
vinculum, to ſhew the error which would ariſe by : 
omitting it when it ſhould be uſed, or employing it 
| When it ſhould be omitted. 


The product 9g +2 x8=88 where the vinculum is uſed. 
9+2Xx8=25 where the vinculum is 


omitted. 

So that the error which would ariſe by im nproperly 
omitting or uſing the vinculum in this example is 63. 
In reading quantities under the vinculum the VO 
both or all is uſed. 


| Thus, 2x is read x plus y both into &, and 


© a—b—-c is read à minus 5 both by e; ſo alſo a+b—c 
* Xd is read à plus 3, minus c, all into 4; in like 


* manner xy N +c is read x plus both into a, 


minus 3, —_ c all; and T= . is read » plus 
, minus z, all by x, minus y both. 

25. The parentheſis is frequently aſed inſtead of a 
vinculum, im, thus, 2 xc is Written (a +6) xc; and 


er is written (x+y)>(a+8=c c.) | 
hen compound. quantities under a vinculum are 
to be multiplied into others, the ſign & of multiplica- 
tion is ſometimes omitted, a and a det uſed inſtead, thus, 
a+bxe—d is is written en a+6. Ed, or -(a+6). -b) (cd) ; 
alſo, 3+xx Tr is written 37 — 4 5B 
or thus, (3 )- (4) (S2). 
Both the vinculum and parentheſis are often omitted 
Ain diviſion; thus, e may be "rey —— -; and 


„ 9 
| — $29 & 
. ' 4 l 0 
| : "i L 
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(a—x+#) (+9) is written . likewiſe, 


(by tz+1) (5) is | properly denoted by | 
EA. 
. | | , - 
The place of the Fe is even ſometimes ſup- 
plied by two dots * at each end of a compound 
quantity, and frequently at one end only. > 


Thus, c & Et miay be written v: <2 +4: or | 


u alſo, Je is vritten / 1. i or 


* 1 and * may be written e 
X :x+y+2: or *: X 12 . 

26. The ſign is called greater than, and the 
ſign < Ls than. 

Thus, a>4 denotes that a is greater than 6; allo, * 
b< a denotes that 5 is Jeſs than a. 

27. The character is uſed to denote the 
difference of two quaptities when it is not wn 
which is the greater 

Thus, 4 expreſſes the difference of a and 3 
which ever is the greater. The ſame thing i is ſometimes 
denoted thus, a. 

28. The reciprocal of a quantity is that quantity 

_ Inverted, or unity (viz. 1) divided by it. | 


Thus, the reciprocal of 7 is 2 the reciprocal of 
4 


2 is £; te reciprocal of «or is equal ©. and 


the reciprocal of — is or 4. ve IR f 


3 
The following brief abſtra® exhibits ths ban. 
of what has Don laid in one view, | 


- 


r r is the fame 56 . ke 


_ cording to the foregoing notation, ok 
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- denotes addition. — ſubtraction. x or, mul- 
by cation. "=> diviſion. = is the ſign of equality. 
2 is. the fign af majority ar greater tan: Lo 
minority or Jeſs than. : ::: denote proportion. 
Vis a radical fign. - 

is a ſimple quantity. 4.18 its pee. 3 its 
index. or exponent, & . is a binomial, 1 


reſidual. 
a+6 40% the ſum © _ 
@—dS the difference 
” or a x6 _ the PRO 


er abe quantiticy under a en and; . 
ſame as | (a+6); | 


ob and 3. | 


a? is the ſquare, of a, oF: 4 is the ſqyare 
root of a. | 


25 is the cube ofa, (ad $/wor ob trends roo, | 
4 is the qth power of a, and 7 Ur its Ich root. 
und N e, and (v;+y)-+0, ars the fimej as 


ae 30% 35 — Y neee 


EXAMPLES: IN NOTATION®. Y 


The learner is required to expreſs ute ag. 
1 * 


ties. 


n 


n 1 


* Alcheu Notatinn is a neceſſury fiſt or iatrodudlien 5 
What 4 yet a 2 2 knowledge of 0 d by no vgs 


requiſite for a meer beginner; whatever there 
ma be omitted for the preſent, and made the abe of decken — 2 


Ds 


e 


* 


. PETS | 
EXAMPLES IN NOTATION. 9 


1. @ plus „ minus 4, plus x, minus y, equals c 


into z. Anſ. a+d—d+x—y=c3. 
2. a into 5, minus c into «, plus x into , equals 4 


plus 3, both into c. Ai. ab—cd+xy=aFb xc; 
72 


3. a by b, minus c by d, 


a, equals 1000 Au. — 4 — 1000. 
y * 


x * yz minus z into 


4. @ plus x both, „ . 
Anf. ax Nas or (a ) Xx (4—x), or — when we 

5. a plus & both by „ into 4 TINY by 4, 
equals à into x. 


tj. = 


6. „ ee into x plus y both, by * 


or FRO 2 . 


minus both, equals 48. 


Anf. 2 or (x+3—z).DZ Kar =48, 
| * — 
7. a, minus & into c, plus 4 both, by a. 
| Hof. a: or 2 


8. a ph x, minus 9, plus a into M phi 100. 
* a minus z, pio the ſquare of x, , equals 75 plus 40. 
A. 


10. « into 3, plus c by 4, Pf FR plus a, : 
Au. 


equals 12, plus x. 


11. 2 plus y both, into. x minus 4 both, ous x by 


J, equals a by 3. 


12, 4 into z both by p into-x plus both by =; 
equals @ into z. Au.. 


0&3 e minus into a, Jus a, minus equals 
by.y minus 1 both. We Au,. . A 
14. a into x, plus 3 1 minus c into x, all by 


* Equals 41. pid oi" 412445” 
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15. The cube of ea, plus the-euhe-rogt of a, minus 
the 5th. power of x, plus the pth root of x, equals a 
plus-z both, by, », Anl. | 

16. Fhe 4th power of = plus the 8th root of Jr 
minus the 6th. power of a, plus the ſquare root of 6; 
equals a plus b both, into x minus . both, 

Anſ 

17. The ſquare root of x, by. the ſquare of Y, plus 

the cube of a, by the cube root of * equals 10 times 
& plus y both. 

1868. The of æ into &, minus.» both, plus che 

{quare root of y, by à plus þ both, equals 100. EST 


19. Expreſs the ſquares and quare roots of the 
quantities az, & and c. A. 
ny Expreſs the ad, zd, 4th. 5th. th. ns, . 
0 * * roots ef the „ 4 an 
* 


His 8 s the. numeral value of noch letter is 
given, from which 1 pos 


Let a=4, b=6, a ig TE Then will 
I: Te-. 

2. a—b+3c—4d4=4—6 n 
— — 8 248 


3 ee BATS GE 


4. „enen eee 

5. 2425 e ie ii | 
G. 14 ral al f b— t2ad, 
| "LAN 3 value of a 2 


Required the value o EAC A 13. 
7 Required the value of a -l. N. 3. 


= 


ADDI 110. TT 


8 

* 9. . the values of ab+-cd and ab—cd. 
"1 A, za and 16. 
8 10. Raquiced the value of a—&. into =. 40. 6. 


11. Required the value of (a+4—:). . 


12. What i is the value of ö CCH. 4 196. 
13. Find the value of akc—abd+bed. An. 216. 


g. What is the value of ac+ gie; 
A ag. 
16. What is the value of; : a+b: Kc -d. . 50. 
17. Required the value of A. Al. 1 36. 
18. Required the value of 2. TUTe. b—a Fa chat? 


A2 432. 
19. What is the value of T. 5 A. 3125+ 


ADDITION 
Teacheth to find or expreſs the ſums of algebraic 
quantities. 
CASE I. 5 
To add quantities xwhich are like, and bave like figns. 


- RULE. ' 


Add all the -coefficients together, and place the 
dommon fign before "their fam, and the eofninion 
letters after it. 


14. Required the vag uf 2222, A1. 2. 


\ 


5 ADDITION. 


EXAMPLES. 

I. 2. 3. 
+3a — 2 bx 2 a+b 
+58 — 5 bx 3 a+b 
+22 — 7 bx 4 a+b 

+ 102 — 14 bx 9 a+ 36 


* Example 1. The coefficients 3, 5, and 2 added 
together. make 10, before which writing the common 
fign +, and after it the common letter a, the ſum is 
+ 10a. 3 a 
Example 2. The coefficients 2, 5, and 7 added 
together make 14, to which prefixing the common 
2 and adjoining the common letters i, the ſum 
is — 146. | 


® Tt is very common for beginners, when working theſe ex- 
amples, to object and ſay, I am told that the letters in algebra 
ſtand for quantities—pray what particular quantities do thele re- 
preſent? what am I to underſtand by them? 'The anſwer is, that 
though in the ſolution of a problem each letter is 2 for ſome par- 
ticular quantity, yet here the caſe is different. The letters are of 


no value in themſelves, nor are any values aſſigned them in the 


above examples; all that is here intended is to ſhew how to perform 
certain operations with certain characters, characters which are 
perfectly infignificant in themſelves, but which may be made to 
CO quantities whenever it is _—_—y todo ſo, 1 

he reaſons on which the rule is founded are extremely obvi- 
ous ; for let a repreſent any thing whatever, then, as in example 1, 
za, Fa, and 2a added together will be 10a, or 10 times the thing a 
71 — raul if a be a pound, 10a will be 10 pounds; if à expreſſes 
a ſhilling, 10a will expreſs 10 ſhillings. 

That the ſum of any number of affirmative quantities is affirma- 
tive, and of any number of negative ones, negative, is evident, for 
fince the ſum is made up of the quantities added, it muſt be of the 

ame nature with them 5- wherefore, if the quantities are +, the 
on _ t be +; and if the quantities are , the ſum be 


rom 


ADDITION. 3 


Example 3. Is done like the fo ing exam es 


the zrugg antities, viz. thoſe in the left-hand row, 
having no fign, + is underſtood; and the quanti- 


ties - the ſecond row, having no co-efficients, 1 Is 
underſtood as the co-efficient of each. 


3 8. 6. 
3 ax—2y x 45 — 3a — 25 
4 ax— 55 24 ＋30— % ga*—y* 

ax— 37 R= 24 — y® 
V ax—10y 7x+63—3% gat—4y* 

T- ET 9. 10. 
gax®— abc — 4 2 4 — Aa 2% ax 
2ax®—3abc— 8 3 2 zaæ 3 ax 
gax*—2abe— 7 92 —11ax S Var 
— % 

14. 12. 1 3. 

Bae — a 44. a+) a +b—c 


2 AD DITTON. 


* | 14. | | 15. 16. 
— 2 + xjz + 4 az —2z* 259==34/x 
— &3 + xyz +12 242 —2* 45—4$4/x 


-—Ja* + E + 1 Jaz—z+ 63=—24/x 
bai payztry— gant e. 


Fe: Fes 
— 
— — —äũͤ 
6 


CASE II. 
To add quantities which are like, but have unlike figur. 
RULE®, 
Add all the affirmative co- efficients into one ſum, 
and. the negative ones into another. 


. 4 3 * SSA A | — a * * 
— 


* The truth of this rule will fuſficiently N confidering 
the nature of the quantities which are to be added. The addition 
here conſiſts in finding what will ariſe by taking or incorporating 
ſeveral quantities together; ſome of which are addititious, and others 
ſubduRtious;z as ſuch quantities are, in their effects, contrary, 
and deftroy each other in proportion, as the leſſer quantity prey 85 
their ſum will be truly eſtimated, by conſidering how much the 
greater exteeds the leſs; that Ts, by taking the tefs from the 

greater, and prefixing the ſign of the greater to what remains. 
8 in example 1, a denotes a ſhilling, and the quantities, 
with the fign +, are ſums which I poſſeſs; then will thoſe, with 
the fign —, be ſums which I owe, being in effect conttary to the 
former; and let the example above referred to be confidered-as an 
account. which I have to ſum up or ſettle : now it appears that I 
have '3@ and 3a, or 8a, that is, 8 fhillings in my: on, and 
that I owe 4a or 4 ſhillings—this debt will certainly reduce my 
ſtock inſtead of increaſing it; therefore, inſtead of adding it to the 
8 ſhillings, I muſt deduct, and the remainder, 4a of 4 ſhillings, will 
be what I am worth. ? 
«© Tt may ſeem a paradox,” ſays Mr. Ludlam, „ that what is 
& called addition in algebra, ſhould ſometimes mean addition, and 
«© Tometimes ſubtraction: but the paradox wholly ariſes fröm the 
u ſcantineſs of the name given to the algebraic proceſs ; from 
„ employing 
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gubtract the leſs of theſe ſums from the greater 
to the remainder. prefix the ſign of the greater, and 


77 


ſubjoin the common letters as before. SP. 


EXAMPLES. - 
I, 2. * 
+ 34 11 ax: axy ＋ 3. 
_ 7 60 — 18 . — 2. arFw — 4 
4 a 7 ar. — 3 8 
24 — 9 7 1 
+ 4 a — 3 ar 34 ＋ 6 
Explanation, 


Example 1. The affirmative coefficients +3 and: 
+5 being added together the ſum is +8; and the ne- 
=” ones — 2 and.—2, added in like manner, the 
um is — 4; and ſubtracting the leſs of theſe from the 
greater, viz. 4 from 8, the remainder is 4; to which 
prefixing the ſign + of the greater, and annexing the 
common letter a, the ſum is +44: 

Example 2. Here the ſum of the affirmative co. 
efficients 11 and 7. is 18; and the ſum of the negative 
ones — 12 and —q is —21 ; from which ſubtracting the 
former ſum 18, the remainder is 3; to which annex - 
ing the ſign of the greater —, and the common 
letters ax, the ſum is — 3zaæ. | 5 


. ————— 


* 


employing an old term in a new and more enlarged ſenſe. I 
4e ſtead of addition, call it incorporation, union, Aki T BR. 
«© or any name to which a more extenſive idea may annexed © 
„ than-that which is uſually implied by the word addition; and 
the paradox vaniſhes,” udiments of Mathematics. p. 29. 


C 2 


16 ADDITION. 
4- $. 
3z* + ay 3 
— 22 — ay — 2 
4 +3ay * 7 
" —22* þ+ gay _—_ CO 
_ 38 +799 11 49 
|: - 9 
10az+5x7—10 4 * 


zax— 4x — 4 —22 — 2a 
—i4ar LSL iB —3a ou 
205—JxI—12 —ga ar 
— az+bx7+ 8 8 Fes 


© — 
| II. 12. 
1 — — 14 
2 73775 $0570 
— — 297 * —2422— 2 
4 ＋ 7 ＋ 7 
—3x*—24/ x —__— + 


ADDITION. 17 

14. ; 15. 16. 
— ab— b*+-3c ay/ x— ay* 7 ax? 
aal—ab 4c — 3ay/x4+209* 4a 
abe a e San 


—7ab—36* ＋ ac Sa u 429 Lr 
 4ab+z6*—3 — a x5F-2095 ack 4 


\. 


a tha. AM. — — 
— — % + 2 


CASE III. N 
To add quantities which are unlike, and have unlike gur. 


RULE;* 

Collect all the like quantities of one ſort into * 
ſum, by the former rules; and the like quantities of 
another ſort, into another ſum; and the like quantities, 
of a third fort into a third ſum; and fo on till all the. 
quantities are collected. W 

Set down theſe ſeveral ſums, with their proper figns' 
prefixed, as in the laſt rule. er 


——. = 


To underſtand the reaſon of this rule, it muſt be remembered 
that though we can add things of the ſame kind together, yet we 
cannot do ſo. with things which are not of the ſame kind: thus, 
2 4hillings can be added to 2 ſhillings, and the ſum is 4 ſhillings— 
this is evident enough—but 2 ſhillings cannot be added to 2 yards, 
ſo as to make either 4 gps x or 4 yards—here the actual addition 
is manifeſtly impoſſible, and all that can be done is to exhibit 
them in one point of view—this is exactly the method obſerved 
in the above examples—all the quantities which are alike are co 
leQed, and the ſums ſet down ; the o » Which capngt be 
incorporated, are ſet down with their proper figns, this is all that 
can be done, when the 3 to be added are of different kinds. 
3 0 — 2 mZ— — 


De 


— —ä——b —_— — —— w—_ 


connected by their proper figns will be 2a — aa 26 


ADDITION. 


EXAMPLES, 
ET 3». 
4 x 2a%— 6 : 
59 —3a +c : 
3 * —22 —6 : 
—2y 34 +4c 
74 24 2 —45＋5 ; 
Explanation. 


Example 1. Here 3a and —2a being like quanti- 
ties, their ſum, by caſe 2, is a. Alſo, —44 and +684, 
being added by the fame rule, their ſum is. +26, theſe. 
connected, the ſum is a+26, 

Example 2. Here 4x added to 3x give 7x, by caſe 
1; and g/ added to —2y give +3y by caſe 2; 
theſe connected give 7x+3y for the ſum. 

Example 3. In this example 2a“ is the only quan- 
tity of that ſort, it muſt therefore be put down. 
Next, —3a, —2a, and ＋ 3a, collected by caſe 2, 
give —2a for their ſum. Alfo, —b and — give 
—26, and c added to +4c give +5c; theſe ſums 


+5c, as in the example. 


4. 5· : 6. 
87 4ax— 7 ay/ x—11 
— 42 | Zay— 2 g 39 +18 
3 —2ax+ — 
— ar ö 4 aay - y a 4 5 2 — 


—— ——— 


ADDITION: 


IT, 
2 4 
13 
4 6 


1 
EN 
ay—x + 4 
x 143 — a9 
6 +x*—45 
b—10—x* 
_— 
12; 
2 ax. 
— = 


2 ADDITION. 


— 


Of Duantities prider 4 Vinculum. 

| Quantities under a vinculum are added together 

like others, by their coefficients—all the quantities 
e 


conneRted by the vinculum muſt be conſidered as one 
ſimple quantity, and nd the adjoining quantity as its co- 


ochecient; thus, 3. added to 5.z+3, the ſum is 


8. *, where 3 and 8 are the coefficients of 7. 


EXAMPLES; 
8 l 
3/4 * 
4 32 
24/ a—y —2 .a+6 
7]. 7. aFb 
164/ a—y 4. 
* — — 
3. 
3049) 
46 —9 * 
I 
13 — 
N 182+ when 
—— — — 


Example 1 is done by 2 I, Example 2 by caſe 


23 and example 3 by caſe 


fe 
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4. 5. 
3 2 
. x+y 34/ ax +6 
3 . _ —4 4 ** 02 
—2 . 47 —2 9 ab 
2.x+y 34/ ax+6b—4. — 
6. 7. 
3 . a+ 2% —4 
24/x+% 12. x—y 
3. +6 — 4. 


— 


c 


PROMISCUOUS EXAMPLES FOR PRACTICE. 


In the following examples the proper arrangement 
of the quantities is left to the learner ; the beſt method 


is to place like quantities under each other when they 
occur. | 


1. Add 3a+44, and 2b—3c, and 3e—b+a toge- 
ET. 


4 Theſe quantities, properly arranged, will ſtand 
3 
za+46 
2 


and their ſum 4a+56 


. ——— — % ˙¹¹0'm neee E 
* — — 


2 SUBTRACTION. 


2. Add a g, and 3a—c, and 4a—3e+5 together. 
1 Sum 8a 2 — 40. 
3. Add 56x+5yand 3x—2y together, Sum 8æ— 3. 
4. Add &a and 34— 5 together. Sum 4a—46: 
5. To A add ga—x. Sum zæ＋aa. 

6. To 42-5 — 10 add 2y—x+4. 
6 | Sum 4a—5;b+2y—x—b. 
* Add x+z and æ— together, Sum 2x, 
Add a-+6, and 36—x, and 4x+3a—y together. 
9. Add x—4, and 10—jzx, and a—b—10 together. 


10 Add 3a—5 T4, and 2x—cÞ 48, and 58 75 


together, 


SUBTRACTLON. 


Subtraction is the reverſe of addition, and teacheth- 


to find or expreſs the difference of algebraic quantities. 


RULEX*,. 


Set thoſe quantities from which the ſubtraction is to 


be made in one line, and the quantities to be ſub- 


% 


This rule being the. reverſe of addition, the method of ope- 
ration muſt. be fo Met 15 depends on "this cole. that to 
ſubtraQ an affirmative quantity is the ſame thing as to add a nega- 
tive one; and to ſubtract a negative is the ſame as to add an Ar 

native; the truth of which will appear, by conſidering the nature 
the quantities and of the operation: if we ſuppoſe affirmative 
quantities to repreſent property, then will negative quantities re- 
preſent debts; now to take — (or ſubtract) any peſt of my pro- 
perty, is juſt the ſame as though you add a debt of equal amount; 
and to take away a debt from my account, is, in effect, the ſame as 
to increaſe my 2 

That the difference of quantities ſhould be ſometimes found by 
addition, and ſometimes by ſubtraction, is no paradox, but ariſes 
from the nature of thoſe quantities; in finding the difference of lati- 
tude of two points on the globe, the ſame method is followed, we 
add when the points are on different ſides of the equator, and ſub- 
tract when they are both on the ſame ſide. 


$UBTRACTION. Fe 


tracted in a line below them; obſerving to place like 
quantities under each other when they occur. 

Change the ſigns of all the quantities in the lower 
line, or conceive them to be ht and then add 
them (ſo changed) to the upper line, by the rules in 
addition, the reſult will be the difference required, _ 


"EXAMPLES, 


1. 2. 3. 
24 —063 -A ra2X—3 a—+ $—z 
a +26 


-. .76—3x-45% 8 27 —9 12 


Example 1. Here 22—65 are the quantities to be 
fubtracted, conceiving their naue changed, they be- 
come — 22 64, this added to the upper line 3a—45, 
by caſe 2 in addition, the reſult is 2 T 20 as above. 
Example 2. In like manner, if we ſuppoſe the ſigns 
in the lower line changed, it becomes + 4b—2x + 3x, 
this added to the upper line by caſe a, gives 76—3x 
+ 5x, | 
Example 3. Here alſo, x—y+ 5—, by changing 
ſigris, becomes —x+y—; + x, this added to the ypper 
Jine #+y—4/gives 2zy—9+2x, as in the 
* 


4. 
309 
ay 
2ay 6xz —7a—b 39—1+4z—x 


- 


24 SUBTRACTION. 
9. f 
* — 6— 2 +b+c 


— 


— x —12—2y+4/ x 


£2 ; ——— 
14. 1 5. 
3a+4 z2+12—ax+ y 
ca+3. —z+48—axTÞ+ 3y 
17. . 
2435— 0 4 ＋ ab —z 
a + 4% 2xy—b + 14x+z? 


An i © 6a Pr 
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Quantities under -a vinculum are ſubtracted by 
means of their coefficients, thus 


3 4 2, 

* r 
P - 
17. ee, 

3• * 4. 
2. (a+b)—x 3a - 
re 2 
—(a+8)+x*—x 5 


EXAMPLES FOR PRACTICE. 


1. From 2x+3y take 3x—5 y. Anſ, — +8y. 

2. From x take x—z. Anſ 2%. 

3. From x+3y take 3x—4y. An. —2x+7y. 

4. From fa -& take 2a —7 r. Anſ, za + 5x. 

5. From 49 —5 take —xy+5. Anſ. 5xy—10. 
6. From 44/ 4-4 ＋3 take 2% a+1—4x, g 

| | Anſe 2 a—5 N. 

7. From 34—45 take ne — | 

5— © — Vs 

8. From a-+6 take e e 

POLE .. 

9. From 4,/a+6 take \/a+b—3,/ x—y. 2 

th. VH HRV. 

20. From 3zax— H take a+z*+,/a—1, 
5 A. zax— X — 7 2—1. 


2 MULTIPLICATION. 


11; From %a -4 take 2a4/a—4—108. 
— . Anſ, -- 4 + 108. 
12. From a+ A= cd take a +b—y—z, © 
SI, 8 An. —=c=d +y +%. 


MULTIPLICATION. 


* Multiplication: teaches to find the amount of any 
yuantity, called the multiplicand, taken as mauy times 
as there are units in another quantity, called the 
multiplier. | | 

The multiplicand and multiplier are called terms 
or factors, and the quantity which ariſes from the 
operation is called the factum or product. 


CASE 1. 8 
When both factors are ſimple quantities, 
| RULE 71, 


- Multiply the co-efficients of both factors together, 
and join all the letters in them to the product, the 
reſult will be the product required. 

 * When the ſigns of both factors are alike, the fign 
of the product muſt be +, but when the figns of the 
factors are unlike, that of the product muſt be —, 


— 


— — 2a — 


* That like ſigns in the factors give +, and unlike figns = in 
the product, will evidently appear from the following conſiderations. 
1. When fais to be multiplied into +6, it is implied that à is 

to be taken as many times as there are units in 5; and ſince the 
ſum of any number of affirmative terms is affirmative, it follows, 
that +a taken 6 times is affirmative; that is, +ax +6 gives Tab. 

2. When quantities are multiplied together, it is indifferent in 
what order they are placed; for aXb is the ſame as bX a; there- 


fore, 


. 


ns 
he 
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It is beſt, for the ſake of method, firſt to deter- 
mine the ſign, then the coefficient, and laſtly, the 
literal part of the product, and to place the letters 
alphabetically. n | 


- 
— 


fore, when —a is to be multiplied into +6, or 4 into —g this is 
the ſame thing as taking —a as many times as there are units in 

b; and fince the ſum of any number of negative terms is nega- 
tive, —a times +6, or +6 times —& will be negative; that is, 
-N -+b or +aX —b produces —eb. We? - 

3. When a is to be multiplied into 6, it is implied that —a, 
is to be (not added, but) ſubtracted as often as there are-units in 5, 
becauſe the fign — denotes ſubtraction; but ſubtracting a negative 
is the ſame as adding an affirmative, confequently, - ſubtracted 5 
times is the ſame as +a added & times, that is, —aX —6 is the 
ſame with Ta 12 which produces ab, as has been ſhewn. 

The ſubſtance of this note was taken from Mr. Ludlam's Rudi 
ments, but the ſame thing: may be demonſtrated in another man 
ner, which will, perhaps, be better underſtood by ſome. | 

If a—a, which is equal to o (nothing) be multiplied into any: 
number as 6, it is evident the product will be o. Let there- 
fore a—a=0 be multiplied into 6; now the firſt term of the pro- 
duct will evidently be +ab by caſe 1, therefore the ſecond term 
muſt be —ab, otherwiſe the product will not be o; conſequently, 
- . -b, or — into 5 roduces —. 

Let now 4—a=0 be multiplied into -, the firſt term of the 
product being -ab, from what has been juſt now ſhe wn; the ſecond. 
term muſt, of courſe, be +ab to make the product =o; 
fore, -a —b=-þab, or — into — produces -þ. 

That theſe concluſions are true, may likewiſe be ſhewn by num-- 
bers, thus, let 9—=3 be multiplied into 7 Aus obſerving the rule given: 
above for the ſigus, the work will ſtand. thus 


= 


18 
* 


The product is 42—=46+12=8" 


Now, if inſtead of 7—3 and 6—4, their equals 4 and 2 be mul-- 
tiplied together, the LL - is likewiſe T*% the ks is therefore 


true in this inſtance, and will be found ſo in every caſe to which 
D 2 


it can be applied. 


is +12ax,. 


duct +20axz. 


28 MULTIPLICATION. 


EXAMPLES. 


4 Is 2. : 3» 4. 

144 N —gax +39 —9gex 

% | —_ es 

TI Tae - —1252 — Z6abcx 
Explanation.” 


Example 1. Firſt, the figns of the factors being 


4 alike, (viz. both +) that of the product muſt be +; 


next the coefficients 3 and 4 multiplied together give 
12, to which annexing the letters a and hs product 


Example 2. Here again the ſigns are alike'(both 


,) therefore the ſign of the product muſt be , and 


the coefficients multiplied together give 20, and the 
letters are ax and æ, theſe joined "will make the pro- 
Example z and 4. In each of theſe examples the 
figns are unlike, therefore thoſe of the products muſt 
be —; the coefficients and letters are found as in 
examples 1 and 2. ny | 


5 6. | 7. 8. av 
4b xy -” — yz? 
0 e 4x —44 
abc x — -—gaxy* +28abx3yz* 
9 10. 3 12. 
Jas - gab . —_ —1 3ab- 
-4y IE 9 2x 


l_« ae om cc 


T20v 


n 


RULE 2. 


When the ſame letter occurs in both factors, the 
multiplication is performed by adding the index of 
that letter in one factor, to the index of the fame let- 
ter in the other factor, and placing the ſum over that 
letter in the product. | 

If a letter have no index expreſſed, 1 is-underſtood. 


* 
— 


to be its index. 


EXAMPLES. 
Is + 2 LL 4. N 
a* 3a? 4x y3 2+ za ic 
a —a+ —3x 9 2X 4a bc 
— — — 
as —3a7 12x3y*25 1a 
— — — —— — 

/ 
Explanation. 


Example 1. Here the indices 3 and 2 added to- 
gether are 5, which placed as an index over the com- 
mon letter a, the product is a+. | 

Example 2. The ſign, and numeral part of the 
product are found as before directed, and the indices 
added together give , which placed over the common 
letter, the product 18 —3a - 


D 3 


6. 6. 7. 8. 
zy - g. : 
gs. wy —i 

0 »: — 2 —— 2 
124 5 —1 24 15a 4 


4a — 4a ˙ m—axy* cax 

5a — 2 x — xy3 — 2 
13. 14. 15. 16. 

—72* 24 r —9 2 — 333 + 
4 _ 3axy% 4 Y“ 21 cr 


CASE II. 
When one of the factors is a compound quantity, 


RULE. 


Multiply every term of the compound quantity 
ſeparately, into the fimple one, as in caſe 1, and 
place the products one after another with their proper 


ſigns. 


EXAMPLES, 
1. : 5 2. 3. 
237 74—33 2715 
4a A 2ac 


Example 1. Here 2x multiplied into 44 produces 
Bax, and —3 into 44 produces —12ay, and theſe 
placed in order give 8ax—12ay for the product. 

Example 2. 7a multiplied into 25 12 144 c, 
and —3 multiplied into 2ac gives and theſe 
connected in order are 144*c—badbc. 

Example 3. In like manner à multiplied into wh 
produces 23 — and | into —b produces — and the 
whole product is „ 


35 
25 T4 
30 
34le- Tac 


7. 
— 2 ＋- 
— . | 


Gr 3 * 


—ů—ů—ů— Q 


3 „ 6 „ TTT 443. 
— 9 — | zax* | . —— 2 
__ — — * ut 


V 
CASE III. 
When both factors are compound quantities, 
| e : | 
M.ͤultiply the firſt term of the multiplier ny every 
term of the multiplicand, and place the products 
with their proper ſigns in a line below, as in caſe 2. 
Multiply the ſecond term of the multiplier into 
every term of the multiplicand, and place thefe pro- 
ducts with their proper ſigns under the forementioned 
products. | | 
FP” Proceed in this manner with every term of the 
multiplier, obſerving to ſet the like quantities which 
occur under each other. 
Add theſe products together, the ſum will be the 
product required. — | 


2 EXANPLES. 
— PAIN Ne hs 
243 2 — 32 
6 — 4x — 5 
46 8x*—12x2 
 ab+8*  mloxz fight 
26 s- gra- ＋L 15 | 


— —_— 


- ®"The Tearner is cautioned to avoid an error which is frequently 
made in this place. He has heard that like figns produce +, — 
| unlike 


— 
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Explanation. 

Example 1. Here the multiplicand a+6 multi- 
plied into a, the firſt term of the multiplier, by caſe 
2, produces a. Tab, the firſt line of the product; and 
the ſame, a = multiplied into &, the other term of 
the multiplier, produces ab+4*, which is the ſecond 
line; this being placed under the firſt, and both added 
«25 the reſult is a +2a6+8?, as in the exam- 
ple. | 
s Example 2, Here 2x—3z multiplied into 4, 
gives the firſt line 8x*—12xz; and the ſame, 2x—3z 
multiplied into —5z gives —10zz+15z*,- which is 
the ſecond line; theſe being placed, as in the exam- 
ple, (viz. like quantities under each other) and added 
together, the product 8x%—22xz-+15z* is obtained. 

Example 3.  2a+3x multiplied into à produces 
2a* +.3ax, and. the ſame, . 2a+3x..multiplied into 
-x, produces — aa 34; theſe added together 
give .2a* a - z, the product required. 


ä 


unlike — in 1 and he applies the rule, not only in 
multiplying, which is right, but likewiſe in adding up the terms 
of the product, which is wrong: the rule belongs to the multi- 
- plying only; the adding son the rules ition. 


0% * . , — 2 ** 


| 
| 
| 
| 


1 
N 
| 
1 
4 
i 
n 
In 
f 
4 
x 


4+ 5 
24 —59 4 ＋2 
a —2y 4 —2 
24 — gay a* þax 
—4ay+109% —_— 
2a*—gay+109* * 25 
6. 7· 
& T2& y+5* x +8 
x + 17 
x3 Ta 2 ＋62 
|  autybaay* $47 — 
3 3 19 a —32 
18 
4*— 5286 
— 
12x . 
— Sax T1 + gab 
© 20ba—agab—1063 


125%—2 4 rhe TOa%—2 rab—1042 


> 


1 


th. 


— 00 — 6 _ Þ. 4 46. Mt 4 ud La a amo 444 


r — — 7 
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Explanation. 


In this example none of the terms in the product 
are alike, they are therefore placed in the ſame line, 
with their ſigns; and this method is to be fol- 

| ſimila 


lowed in a r caſes. 


EXAMPLES FOR PRACTICE, 


1. Multiply 2az into 4a. Auſ. dax. 
2. Multiply ax—12 into 3ay. Auſ. 3a*xy—3bay. 
3. Multiply 2z—3y+z into 4x*y. | 

Hſe $x*y—12x"y*+4qx* yz. 
4. Multiply 5a+44 into 3a—25. | 
Am. ra + 2aben83*, 
5. Multiply a* ae“ into a—c. 
Auſ. a - 2c +c3, 
6. Multiply a+x into a—z. Anſ. a*—=x*, 
7. Multiply & +2xy+5* into x+y3. * 
Au. & +3a*y+339* +93. 
8. Multiply zx*+xy+5* into x=y. Aru. x%—y7, 
9. Multiply a+6—+ into a—6. 

| | An. a*—ad—b* +td, 
10, Multiply 3x*—7xz into x—8z. 

Anl. 3x* +17x*z—56x2*, 

11. Multiply 33-þ6*x+6bx* +3 into b—x. 

| Anl. b*ammx+, 
DIY LSTIO N. 


Diviſion is the converſe of multiplication ; it teach- 
eth to find how often one quantity, called the diviſor, 
is contained in another quantity called the dividend, 


5— —— 
—_ W — 


As it is evident from the nature of this rule, that the diviſor, 
2 into the quotient, will produce the dividend, it follows 
that the ſigns of the diviſor and quotient muſt be ſuch, as will by 


the rule for multiplication, produce the fign of the dividend, con- 
1, When 


ſequently, 
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The dividend and diviſor are called terms, and the 
quantity which ariſes from the operation, is the quo- 
tient. rot” os 1 


General rule for the figns in all the caſes of diviſion. 


When the ſigns of the terms are alike (viz. both +, 
or both —) that of the quotient will be +. 

When the ſigns of the terms are unlike (viz. one +, 
and the other —) the ſign of the quotient will be —. 


CASE I. 
Imp len the terms are both fimple quantities, 
RULE 1. 25 


Place the dividend above the diviſor, with a line 
between, like a fraction, then 

If the terms conſiſt of the ſame letters, without 
coefficients, and the dividend be the greater, ſubtract 


. 


— - * „ k 4. a 


1. When both terms are +, the quotient muſt be +; for + in 
the —_ muſt have + in the quotient-to produce + in the 
dividend. ; Ge 

2. When the terms are both —, the quotient muſt alſo be +; 
for — in the diviſor muſt have + in the quotient, to produce =» 
in the dividend, 6,9 

3. When one of the terms is +, and the other —, the quotient 
muſt be —; for + in the diviſor muſt have - in the quotient; to 
produce — in the dividend, and — in the diviſor muſt have — in 


the quotient to produce ＋ in the dividend. Theſe particulars may 


be briefly expreſſed in one view, thus: 
Diviſor. Dividend. Quotient. 
+) + 


Is 
2. — — | 


: | + — 5 — ; 
Therefore in diviſion, as well as in multiplication, like 
ways produce -Þ, and unlike —. e * 
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the indices of the letters in the diviſor, from thoſe of 
the ſame letters in the dividend, and place each re- 
mainder as an index, over the letter to which it be- 
longs, in the quotient, 


EXAMPLES, | 
1. Divide x* by z*. 2. Divide a 5* by a? 5. 
Anſ. . HAnſ. LA =—a 6. 
| 4 * —2 6 
Explanation. 


Example 1. Here the ſigns of the terms being 4-, 
that of the quotient is +, and x* being placed above, 
and x* below the line, the index of the diviſor, viz. 2, 
is ſubtracted from that of the dividend, viz. 5, and 
the remainder 3 er over x, gives the quotient x3. 

Example 2. The figns of the terms being unlike 
the quotient, is —, and the terms being placed as 
before, ſubtract 3 from 4, and 1 remains for the index 
of a, then ſubtract 1 from 2, and the remainder is 
for the index of , the quotient therefore is —a* 61, 
or (becauſe when the index is 1 it need not be written) 
— 46. 


| 3. Divide a*x*2+* by —ax*zt, 
2 


o N r 2-2 *. 
—a * * 


4+ Divide ab*cdx by abx. 
— 
E 


the quotient is + (unde 


: DIVISION. 
3. Divide 23. bi ake?, 


6. Divide * 7 by —x*y*, and —a x? your by 


7. Divide —a* e. 2 Y. 


RULE 2, 


11 the terms have coefficients, and the dividend be 


the greater, 
Divide the coefficient of the dividend by that of the 


diviſor, the reſult is the coefficient of the quotient, to 


which annexing the literal part (found by rule 1) 


the a is obtained, 


EXAMPLES, 


x. Divide 12ax by 4a. 2. Divide 24a*kc by bal. 


1; a4 __ _ 
og. Wl = a 


| Explanation, 


Example 1. Here the nens are like, ſo the fign of 

); next, 12 divided by 

4 gives 3 for the numeral part; and a bein expunged 

by rule 1, there remains x for the literal part; the 
quotient is therefore 3æ. 

Example 2. The ſigns being unlike, the quotient will 

be —; and 24 divided by 6 gives 4 for the numeral 


part; then expunging wink the- FT is —4ac; 


8 


8 


DIV 1S LON: I 
3. Divide 845 by aa, and 4 by 2x. : 


4. Divide —4ax9* by ag and 2xy by a. 
An. DLL ma and 2% =27.. 
axy. WS. ' 


5. Divide 8aꝶ by —gax, and —ab by 4. 


Divide 2445 by —6a, and 36 by 42; 
H N e path 6.- — 
8. Divide —1 Cr by —3 , and 21ar* by . 

7: OI 42 Sz, and 3az. 
9. Divide abe by —&: A ile. 


— 


RULE- 3. 


If the dividend be greater than the diviſor. 

Divide the coefficients of both terms by the greateſt 
number that will divide each without a remainder, 
and place each quotient oppoſite the term from which: 
it is derived. by 
Expunge the letters common. to both terms, and: 
annex the remaining letters each to its reſpective co- 
efficient in the quotient. 

E 2 


2 
% 


place 
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EXAMPLES, 
1. Divide 24x*zz by 28xy*z*. 


| WY, 24 _ 6x 
p | 28 ** 7y% 


2. Divide gary by — 1a. 


— 2. 22. 
— 124% 3 


2 


Example 1. Here I find by trials that 4 is the 
eateſt number that will divide 24 and 28 without 
eavin ng a remainder ; 1 divide firſt the 24 by 4, and 

e quotient 6 oppoſite ; then J divide 28 by 4, 
and vlace | its quotient 7 oppoſite; next, by expunging 
xyz, common to each term, there remains x in the 
dividend and yz in. the diviſor, theſe joined to their 


correſponding coefficients, the quotient is = 


Example 2. In this example I divide: 8 and 12 
each by 4, which is the greateſt number that will di- 
vide them both, and the quotients are 2 and 3 re- 
ſpectively; I next expunge a, which is 44 to 
both, and xy remains in the dividend, and in the 
diviſor; theſe annexed to their reſpective numbers found 


above give . 
3% 


3. Divide zabc by 1 Saen. 


DTV TS TON. „ 
4. Divide 4axy by —bax*z. 


—— 
Ao. —bax*z JXE 
5. Divide des by — and abe by — gab 
1— * | rake TX 
6. — —Babc* by W a and yr by 


9. Divide à by a, abe by æyx, and 3xy by 4. 


A K. 2, 2. 
8 


| _ CASE II. | 
When the diuidend is a compound quantity. 


RVLE; 


Divide every term in the diridind ly the diviſor; 
as in cafe Is 
B 33 


— 
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EXAMPLES, 
1. Divide 4% Cr: by 2x. 
, IS 

2X 


2. Divide abc acd by ac. 
| An. abc—acd __ "I'S 
ac 


* 


Explanation, 


Example 1. Here dividing 4xy by 2x, the 
tient is 2y; alſo, 6x* by 2x, the quotient is 3x; theſe 
being connected, the quotient is 2y+3x. | 
Example 2. abc divided by ac, gives 6; and —acd 
divided by ac, gives — 4; therefore 6—& is the quo- 
tient required. | F 


3. Divide 12ax=8ab by 4a. 


« 


| An. 12ax—Yab 
4. Divide ax+a* by 2x. 
5 Divide ax—xj+x* by 4x. 


Er OO Ee 8 
An. — „. 
. 


4 
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6. Divide 3abx*—qbz—8 by —2ab, 
GG ESI Fane Edt, 
| TY - 3 a 


| —2ab | 
7. Divide 10vz-+1 5xy by 5x. Anſ. 2242 y. 
8. Divide 1 3 by 3x* As. 5a—g. 
9. Divide 18x*—gx by — . An. — 2 1. 


10. Divide abc—=bcd—bcx by be. Auſ. a—-d—x. 
11, Divide a*—-2ax+x* by —a, 4% 


Anſ. ban 

a 

12, Divide 14a*—-=7ab+21ax—28 by 7a. | 
| | Anſe. 2a—b+ 32—44. 

e 


| CASE III. 
When the diviſor and dividend are both compound quan- 


Httes. 
RULE®, 


Place the diviſor on the left of the dividend, as in, 
what is called, long diviſion in arithmetic; obſervin 
to range the terms of both in the ſame order, and 
that the higheſt power of ſome letter may ſtand firſt, 
the next higheſt ſecond, and ſo on. | 

Divide the firſt term of the dividend by the firſt 
term of the diviſor, by the former caſes, and place the 
reſult in the quotient, : 


® This rule differs nothing from the foregoing rules in diviſion, 
except that the work of multiplication, ſubtraction, and bringing 
dow terms is, in thoſe rules, 8 in the mind only, whereas 


here the whol tion (for f 
erhibited. e operation ( ſake of convenience) is actually | 
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Multiply the whole diviſor into this refult, and place 


the product under the dividend, obſerving to put like 
quantities under like. e ee 
Subtract this product from that part of the dividend: 
under which it ſtands, and to the remainder bring 
down one (or more if neceſſary) of thoſe terms in the 
dividend which have not been uſed. 

Of this laſt line, divide the firſt term by the firſt 
term of the diviſor - place the refult with its proper 
ſign in the quotient multiply the whole diviſor into 
this refult—place the product under the foremen- 


tioned laſt line - ſuhtract - bring down, &c. as before, 


till all the terms in the dividend are brought down, 
and the work is finiſhed. : | 

When any quantity remains place it over the di- 
viſor like a fraction, and annex the whole with its pro- 
per ſign to the quotient, Ty 


Methods of Proof. 

Multiply the quotient into the diviſor, and add the 
remainder (if any) to the product, the reſult will be 
the ſame as the dividend when the work is right. 

Or, 
Add the remainder and lower lines in each com- 
ividend, 


rtment together, and. the ſum will- be like the- 


DIVISION. 45 
EXAMPLES. | 
2. Divide 1 byæ T, 


The work will ſtand thus 


Diviſor. Dividend. Quotient. 
x+2)x*+2xz+2* (x+z 
* 12 + xz . . the diviſor 4. viz. ee 


s =theremainderwithz* br. down. 
| #22+3* NR. | 


** a- CE proof by addition. 


— 


, Proof by multiplication, 
7 * +2... . diviſor. 6 
* Ts » + » quotient, 


K* | 


4 = 2x2+2* dividend, 


— — 


| Explanation, 

In this example the terms being Reds according to 
the rule, I firſt divide x* by. x, and place the reſult æ 
for the firſt member of-the quotient; I next multiply 
the diviſor x+z into the faid reſult x, and place the 
produt x*+xz under like terms in the dividend ; I 
then ſubtract the ſaid x*+xz from thoſe terms, and 
the remainder is xz, which, by bringing down 22, 
becomes xz+z* ; I now divide the firſt term of this 
by the firſt term of the diviſor, viz, xz by x and the 


= Ti ..: —ͤ—— - ww» 
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reſult is =, which multiplied : into the diviſor, viz; 


x+2X2 produces xz+z?, and ſubtracting this from 
the quantity which ſtands over it, nothing remains, 
and all the quantities in the dividend being uſed, the 
work is finiſhed. 


The addition proof ariſes by adding the lower lines. 


marked * together, the proof by multiplication is ſuf- 


ficien l e being the product of the dividoc: 


multiplied into the quotient. 


2. Divide a3 + 3a*x+ zax*þ+ x3 by - Bi _ 
aA + 34 Zar: +x* (a* T b 


„„ aFaxat 


aa ar , , there. with zur br. down: 
722 *x+ 3ax* „ & N. 


8 —— Et 


Kerr S tlie rem. with æ br. down 
*r * ae NK. 


— 


f- zar. Has proof by addition. 


Proof by multiplication. 
2 . nd EF @=Y i IA 
my ang 5 0% Ari. 


a*-+20**4ax* 
"apart xt 


a3 3a* x+ _ +x3 dividend; 


— — ————_—_—_— — 


4 


ö DIVISION. | &@ 


Zo Divide al -þ ga ges by aK. 
2 Prat T ga e (. Har 
| a*x | | 


a+ gax*+ ga , proof by addition, 


4. Divide ab m—2ad+d * by 42—6—4. 
a—b—d)a*—b*2ad+d* (a+b—d 
42 —25—44 


3 
45—32—5 


—ad+bd+4* 
aA 


0 
a ad 5 ö 


bo 
8 


: 7 

" 

2 F * 
ren 


* - DIVISION. 
4. Divide & -r -d by x—3. 
zh -r nz 8 
, x3—3x* . , . Here —3* 3 no like 
- uantity in the dividend, I 
3x*—6x ſubtract 2 viz. put it down 
38 — 9 with its ſign changed from — 
— to +, as 7 bring — — 
34 —9 to it. 
POM 


2 


O . 


* —ba—9 proof, 


5. Divide a3—3a*y+3ay*—y? by a—y. 
32 z. ανε 


aI— 42 
Laa: 
—2a*y+ 2ay* 


1 


md 


9 
ay —93 
O 


2—32 ty +30 —9 WY 


6. Divide z*+8z+15 by z+3. Aal. xs. 


DIVISION, 


2 for * pro. 


—— — 
CT TY nnn 
4 * 


GW 1 4 
9 


. | Divide 6a%—g6 by 6. N 
. 


— 


62 — 1245 


— 


N 


adad 8 is not 


2 own till i it 


— 12 | laſt line. 
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. Divide a) —3a*x+qax*—2x* by a -A r- 


a- 
-a t ). — 


— 4 zax — 2 * 
— ar faz. * 


* 


— 


ax*— x remainder. 
— ok m_ 


Tn this canals the reminder is placed above the 
diviſor, and the whole annexed to the quotient. 


9. Divide x*—2xy+y* by x=y. As. . 
40. Divide 3 . "nf. ab. 
11. Divide x * —2— by x—2z., 


| Aul. x 2 EK 
12. Divide x*%=—y* by x—y. 
Arſe #* +x La ARCS . 
13. Divide 1. -L -. by #%—b _ x+9. 
. 
14. Divide aa“ by ax. 


* 42—45 . 
a—Z 


wa vw a1 ' 


„ Remarks on the preceding Rules. = 


1. 2 vantities is found by addition, and their difference 
; u 

4. Quantities which ure Ae ein be sun My added toy or fub- 

— from each other, but thoſe wh unlike can- 


2. The fora of unlike quantities is 1 by writing the quan- 
tities one after another with their proper figns z it can be 
denoted no other way. 
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% 


Promiſtuous W 


Ts 


1. Required the ſam, difference, product; and: 
quotient of a and 6. | 


Anl. Sumrs-+h,. Mf. -d, prod. ab, quot. -. 
2. Required the ſum, difference, product, and. 


quotient of 2ax and —ax, 
Au. Sum ax, diff. LN prod. — za, quot, —2. 
3. Required the ſum, difference, product, and 
quotient of a-+6 and 2—6. | 


Au. Sum 24, diff. ab, prod. a*—4®, quot. I 4.26 ,, 


—_—. — —_—_— 


= _ _ — TT TT 


4. The difference of unlike quantities is denoted by putting down 
. ... the quantities to be ſubtraſte@ with their ſigns changed. 
5. Addition and ſubtraction are performed bythe coefficients only; 
. ... 'theſe ions never alter the indices. 
6. The product of quantities is found by multiplication. : 
7. Quantities, whether like or unlike, can be multiplied together 
and the products may be exhibited different ways, thus, 
the product of 4, 5, and c, is either abe, or aX Nc, ar 
NK, or aX be, or acX and aFcxd is ad+cd, or 
A Te). dor ad+cx d, and & 2 - is alſo e N. 

8. If — the yuh o the product will be o. * 

9. The quotient of quantities is found by diviſion: it can be ac 
tualiy found, only when the dividend contains the diviſor; 
when that is not the caſe, the quotient is denoted by placing 

* the dividend above the diviſor, and expunging quan- 
tities common to both. . 

10. The quotient of the ſame quantities may be variouſly written 
or denoted ; thus, ac rs divided by 2, is either ar+b—=a, 
or 1, or 2, or ce. 
© a 


11+ Multiplication and divifion affect the coefficients; they like- 
„ und in bh 


* 


F 2 ; / 
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4. Required the ſum, difference, product, and 


quotient of ＋a and —a. 
Lf. Sum o, diff. 2a, prod, — a“, quot. —1, 
8. Required the furn, ference, pro duet, and 
| quatien of za and —324*. oh ene 


An. Sum a*, diff. , prod. 6. quot. —. 
6. Find the ſum, difference, product, and que- 


tient of 3a 1 and 34— x. 
As. Sum 6a, diff, 2, prod. ga*—1,. quot. th 


7. Required the ſum, difference, product, an . 
tient of x H - and s* —R——— 
825 Sum N diff. 4Xz, prod. x*—2x 2 +2*, 


8 . 


9. War the fm, difference, prod, _—_ 
tient of x 


Required he fam, difference, produc, and 


+ax and —— 


quotienrs 


Xt. Find the ſum and Product of ca and 


ay. | 
Bog Fied thi Aber ud quatient of 3a——4$ and 
22 ＋ 36. 
7 Required the product and difference of 4+a 
and 2—24a.” 
| 14. Required «a an an quotien of * 
and 1+ Fa ti 


% 
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FRACTION s-. 


Algebraic fractions are like vulgar fractions in 
arithmetic, and have the ſame names and rules; thus— 


A fraction is expreſſed by two quantities written 
one over the other with a line between them, as = 

The quantity a above the line, is called the nume- 
rator, and that below, as 55: the denominator. 

An integer is r one whole thing, in oppo- 
ſition to a fraction, Which is a 
word is ſometimes uſed to ſigui 
or quantity connected with à fraction. 


A proper fraction is one whoſe denominator will 


not divide its numerator. 


An improper fraction is one whoſe denominator 


will divide its numerator. 30 55 
A mixed quantity conſiſts of an integer and a frac- 
tion. | 

A complex fraction is one whoſe terms are com- 
poſed of mixed quantities. 

Thus, - is, or . Are proper fractions. 


: . 
—_— —_ th 44 Ws 1 —— rm AAS = 


— 


A fraction is properly the | n b 
the denominator, ht WD diffrent ways therefore as this — 


can be written, ſo many ways can the value of the fraction be 
exhibited; this ſnould be remembered in going through the follow- 


ing rules, as it accounts for their operations 5 reduQtion of fractions 


being nothing more than certain methods of changing them from 


one form to another without altering their value. | 
A perfect acquaintance' with theſe rules is abſolute! —_— 
as the 9 of problems depends, in a great ure, on 


F 3 


282 


. or parts; but the 
7 whole number 


„ FRACTIONS 


1 #19 - 


3. To reduce a mixed quantity ts ar improper uc 
ene 
Multiply. the integer into the denominator. of tlie 


* 4 422 10 21 4 


fraction, and to this product add the numerator, the 


denominator being; placed” under this TH will give 
the improper, 3 | 


pn EE ” 
TY WO [TT ea[ FF Y ST Fr YT TE "OF" 


— — 2 9 — 


The 8 0 bei — do divided. by-the ſame 
N the b * 1 )-its- wg | — 

t that ion Whic enotes the 
numerator, divided by the denominator ++ tee — Ls 


the operation appears b inſpeRionz e onde uently the given quan- 
- tity is equal to the — * to to which i it K reduced. N 


FRACTIONS. r 


— — and 6 » 


per fractions. 
(). (3): 6; 
A the firſt fraction. 


ob rnb tt hs cont ion 


c 


ee the third fraction, 


A 919 ak 
Explanation. 

* a the number (1) the given 8 
are-placed;” under (2) the operations are denbtedj and 
wu (3) the operations are actually performed. 
Inn the firſt fraction the integer « multiplied into the 
denominator c, with the numerator 4 added, is writ- 
ten thus, a ci, which, by. placing the denomi- 


* + under it, becomes — and by actually 
c 1 ” 


makighying « into 16y- it becomes x 


In the fecond fraftion the — 4 malt lied into 
"produres ae, m which, aaing 5 werke 
denominator c under the reſult, i it becomes <= — 


In like manner 6 mwultiplied- into 8.35.48, and 7 
added'is 55, under which placing the denominator 8, 


the third.fradtion is 55. . , 


». LS © 


1 bs 8 = — 4 Sv 


| 2. Reduce & 4 L and jet to improper frac. 


eue ben Halen. FY 
7 7 3 
PO LA 2 Cas. 8 e, the and. 
r 


3. Reduce wh and erer aon, 


4. Reduce «+2. | and * to improper fractions. 


. 2 27 and 23 Sy 


5 Reduce e. and a 2+ — 00 en 


tions. | 
a pets be 00 1 . or © . 


* If any difficulty occurs cw] it muſt be —— that the. 
fign = — belongs to, and governs the whole fraction 2; and the 


meaning. of the exprefllon oF i is, eh the hols aAon l. 


to be ſudtracted, that is annexed to a, with the figns of all its 
terms —— the — 4 is to — Dy underſtood in example 7, and. 
where ever foch ä 5 
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6. Reduce 4, > — 5 to improper 


3 6696934 „ 6 . 
2 25 


28 Fi 


+. T redeem improper Sdn ts is prger 109 
_— — Wha ad 


zurx.“ 


| Divide the 4 by the 23388 and 


the quotient will be the integral part, and place the 
remainder (if ang) over the el an ops? for the 


ictionalł part; dir unnenet by its proper fign to the 
integral part, will give the mixed — required. 


. ESAMPLES, 


1. Reduce the improper fraftions ©... . 


— 45 to their proper terms. 


of 
of which 


| 
| 
| 
| 


quantities, 


iF „„ FRACTIONS. 


Firſt, ac divided by c 2 a; and becauſe the 


fecond term 3 is not diviſible by c, the divifion can 


only be denoted by placing it over the denomi- 
nator e; this en to the integer à by its proper 


fign + {ae a+ the firſt mixed OT 
| In like manner, -d divided by. gives * the 


_ divided by 8 6, 8 that is 6 
and 7 over is 

for the ard, ; 4 gives 7 3. 4 

2. Reduce K 2 and = to their proper 

284 te rt. 
J | 
| 5 RP the bee. | 
648 * - * 


3. Reduce Sa e +a to whole or mixed 


E 
* 
= * * 
* 


14 


' FRACTIONS. 


Le- the firſt 
1 3 


Z ur 1 the ſecond. 


6 


4. Reduce * and to equivalent whole 


Af. Be+Z and 3þ- 


3. Reduce 212d => 33 


c 


A 


N | I 
or mixed quantities, 


* 


of. 4 1 — . 


6. Reduce the improper fractions 5 — and 
* & 
44 — 


to their proper terms. 


111. 8 0 
85 45. 2— 2 and & ＋ 1. 


* { 


3. To reduce fractions to others of :equal value having 


& Tommon denominator | 
S 3 Nuk.“ 5 2 
Multiply each numerator into all the denominators 
except its own, for a new numerator, and all the de- 
nominators together for the common denominator, 
over which place the new numerators ſeverally. 
| : | EXAMPLES, | ES 
1. Reduce Fo — and = to equal fractions, having 


4 
* 


ER lf. Semana 


In order to underſtand the nature of this rule, it will be ne⸗ 
ceſfary to ſhew, that if the terms of any fraction be both multi- 
plied, or both divided by the ſame quanti * the reſult in either 
_ caſe is equal to the ion propoſed; let terms of the frac · 


2 be mulciplied into any quantity, ſuppoſe my the pro- 
duct is . Let now the terms of che ſame fraction, vin. 
2 . by any quantity, that will divide both, as u, the 
quiet will be 


But each of thefe three fractions, , r and 2 i, 
95 eee 1 2 _— 
equal to the ſame quantity, viz. to 75 (by the rules of divi- 
ſion are therefore equal to one 1 confequent! the 
ns ho given fraction i not altered by ſuc multiplication or 


diviſion. 8 

This premiſed, the reaſon of the above  uperations will rea- 
Aly appear; for of each fiaction, both terms being multiplied 
into the ſame quantity (viz. the product of all the other deno- 
minators) the reſult is equal to che ſaid frachon, by what has 


been ſhewn. « 

If each of the denominators be diviſible by the ſame quantity, it 
will be better to divide them by it, and make uſe of the quotients 
inſtead of them; by this means the fractions will be reduced to 
lower terms, 8. 


nat 


. uU ST 


FRACTIONS. 61 I 
a N N ad ö 
cc NK > new numerators. 
xXbXxd=bdx 1 | | 
bxdXz=bdz common denominator, ; 
4 bes. bids 9 
5 — — | 
K Tae j 

* 


In line 1, the firſt numerator à is multiplied into 4 
and x, the denominators of the other fractions. In the 
next line, the numerator c is multiplied into 5 and x, 
the other denominators. In the third line, the nu- 
merator x is multiplied into & and 4, the other deno- 
minators. In the fourth line, all the denominators 
are multiplied together. Laſtly, each new numerator 
is placed over the common denominator, 


2. Reduce 2, Li and T. ts a common denomi- 
OY A | 
nator. | 


4 
ey 
| 
7 
7 
8 
17 
1 
N 
bi 
8 
＋ 
'Y 

"4 


aXEXC—= az 8 
BX b new num. 
4 XxX XZ=4x2 | 


& X XS SNN com. denom. N 


Auf, 395, 59% and = 
Faw FF 
3. Reduce = — . 


= r and —. to a common de 10- 


G 


- 
* 
E — — 5 = +7 4rd. > <—_ 
P CCC 


; nator, 


iba FRACE ION 8. 


1 4X 34 21 24x 
(a+2) XIX365349 T3 þ 
2% Xy Xx 4 = + 


J X4 X. 3455 1a com. den, 


4 .d . 
I2ay 1245 12ay 


heed 


4. Reduce — d © equal fraftions having a 
339 


3. Reduce — to- common denominator, 
* 
[> feds A 222 und 
4 85 * 


5. Reduce - 2 by 1 to —— 


7. Reduce ZZ and — to a common denomi- 
% £ 


Mmator, 
p* * 32 — an 42 


8. Reduce - and 2 to a common denaminator. 
. 
| DYE... Cle. 3a" x plas 
22 2% T0 


FRA errons 


=” 3 7 le — 


10. Reduce n to a common de 


zr LZ , 1 7aby—4b 
4 * and 8 


4. To reduce an 5n to a fraction, baving'a given. 
IL 06 * baving a 
2 ; LET. 


Multiply the i into the given denominator;. 
and — the product place the faid denominator. 


EXAMPLES. 


1. Reduce a and 24x to equivalent fractions, having 
3 for a denominator, 


An. 222 2 and 22 —. 
7 # 


Here 8 is 1 by 


, às is alſo 26x. - 


— 


® Thoſe mixed quantities muſt be reduced to improper fraftions A 


firſt, and then to a common denominator. 


＋ In this roblem the integer ing gs — 2 any gone and di- 


vided, its value is not altered, the 
equal to the gi ven integer. 
G 2 


_ — - — - 


. - coo 


Loom —_ <— — 


* 
23 — - — . 
* 


— — — 2 


— 
— 


we 
"x 


j! eo da. ⅛ ' 


. ˙ TACIT we >,» IE" 


64 FRACTIONS. 


2. Reduce axy and #+ to fractions having 4% for 
a denominator. 


420. 4 e ee the firſt: 
.- As, 
and . the ſecond. 
4% 4% 
3. Reduce a—2 and 3ay to fractions, having a*x 
for a denominator. 
45. Ih had 329, 
a*x a*x 
4. Reduce ab and 4c to fractions, whoſe denomi - 
. are — 2. 


2 
2 2x 


x Reduce x*-+y and — to fradtions, whoſe de. 
nominators are ants 


| rr 2 
5. To reduce a fraftion to its Ioweft terms. 
RULE 1“. 


| When one of the terms of the fragten is a aan 
| 2 ; | 


—— 


* The reaſons an which this rule is founded are contained in the 
foregoing notes. 


TON eee — uſeful in reducing the numeral 
pare. 
1. All numbers ending in an eren number, or a cipher, are divi- 
* ea 
2. Numbers 


Bi, = ww 


a cw oo wwiactr 
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Expunge the letters that are common to all the 
quantities, and divide the coefficients by the greateſt 
number that will divide them without a remainder, as 
in diviſion, the reſult annexed to the remaining letters 
is the fraction in its loweſt terms, 


EXAMPLES. 


1. Reduce 7 to its loweſt terms. 


Here It pears by inſpection, that 4 is the greateſt 
number l will divide the coefficients. Dividing 
* by 4, and expunging a, we have the quotient 


— 


2c 


n 


2. Numbers ending in 5 or o are diviſible by 3. 

3. Ig - in O are diviſible by 20; ending i in 00 by 700 
n 000 by 'Toos, e 

4. If the two right-hand Sgures of any number are divifble by 4, 

the whole is —_— by 4. 

* Tf the thees __ and figutes are diviſible by 8, the whole is 

iviſible 

6. In any number if the ſum of its digits be dlviſible by 3 or 9, the 

* © wulhber is divifible by 4 or 9. 

7. * * Ves even, and the dum of all the digits 

oy le b 1.6, e whole will be. diviſible be by 6. 

8. 4 is Givi ble by It when. W ſum of the th, WW, th, 

Ke. digits, is equal to the ſum of the ad, e. 

97 A-number i n not dividfble by another, hen ĩt is not Aeiddne by 

the aliquot parts of the latter. 


G 3 


— 


— — ——— — 


P 


r 


"7. 


r 


7 T 


— 


n 


- * » — — 
* * 
—— — 


* 


66 FPR ACTIONS. 


* 


2. Reduce 5%. and 445, their leaſt terms, 
. 20 5a . + 


Ay. — and 2 4 


— 
— —— 


20x% 4%, Fan Tay 
3. Reduce E., 22 , and ate, to their loweſt terms, 
1a 509 axy 
Af. EZ, 4, and ©: 


4 Reduce , 3* . und: to their low- 
28a 44 21y ab*c 


eſt terms, 
Au. 22, 2. 2, and . 
/ 74 5 Ty «3 | 
RULE 2%, 


When the terms of the fraction are compound quan- 
tities, and admit of no ſimple diviſor. 


— 


— — 
— 


* 


The truth of this rule may be ſbewn from example 1 ; for 
fince b—y meaſures b2—y2, it will likewiſe meaſure bx (b?—y 2) 


2X . 3%. 
"=o 5 atity is =53—y3, as appears by actually multiply- 
ing and adding according to the import of the figns, Wherefore, 
* meaſures both terms of the given fraction. | | 
t is alſo the greateſt common meaſure ; for if not, let there be a 
greater; then ſince this greater meaſures, 62— and b3==y3, it 
muſt meaſure the remainder by2—y3 (for bx 62—y2+ the re- 
mainder þy2—y3I=b3—y3). | | I: 
But alf the poſſible compound diviſors (greater than b$—y) of 
ui aeitlelf, and -l, neither of which will divide 22, 


2 


its loweſt terms. 


FRACTIONS, 67 
* the quantities according to the dimenſions of 


ſome letter, as in diviſion. 
Divide the greater term by the leſs, and this diviſor 
by the remainder following,” and ſo on dividing every 


rider by 1 , 4 gx" ay remainder, till nothing re- 


mains—-the 


ſure. 
Divide both terms of the * fraction by the 


teſt common meaſure, and the quotients will de 


diviſor is the greateſt common mea- 


Note. In finding the common meaſure, if any 

ntity is common to each of the terms of a diviſor, 

that quantity muſt be thrown out, and the remaining 
part of the diviſor uſed, inſtead of the whole, 


EXAMPLES, 


I. "PP ELD Amar = ae terms. 


Bn 


—y>)b3—y 3 (6. 
5 hy 


quently the greater both 2 and does not meaſure þ2==y 2, 
which is abſurd, een & is the, greateſt common miea- 
ſure; in like manner the demonſtration may be applied to any 
other example. 

This rule may be omitted for the *. if the — nds ie it too 
difficult to be underſtood, 


*, here y* is-common to both | 


r 


i. 


r Saw. 


— 


* 
wit. tre . * - » -#SJ : ” — * 2 . > " ht 
. A i UP do PAID A IE ̃᷑ ¶ᷓ¶» —Fy oe oa 


» — 
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68 FRACTIGNS; 


2— we have G50 - ⏑ 


$2nby 
— 
| 3 _ 
——— 
s che“ greateſt * 
now divide both terms of the fraction by . 


LEA, N 


3 (4*+b34+y* dendminator. 
"MV Je 175 ator; 


bg 
b* y——by® | 


FRACTIONS. 


2 
gr 0 ir loweſt terms, 


* +2bx+6*)x%—b*x(x 
x3 +26x*+6*x 


2. Reduce 


/ mbar, now, dividing this re- 
mainder by —2&x, the quotient is - x+6; and di- 
viding the diviſor * Tabea by this, we have 


#+6)x*+2bx+6* (x+8 
x* bx 
ba+6* 
= 


Therefore, 5 f is. the FR common meaſure, 
_ dividing both terms of the fraction by it we 
ve 


erte. the numerator... 


h T2 (X45 the denominator. 
x*+bx © 


ba$ 62 
bx+6* 


bn — * — * 


n n r 


. ———— 


F 


e 


50 FRACTIONS. 


* 
terms. 
3. Reduce = to its lowelt terms, 
"KA GI — 4 a3 : | 
| a5 ——2* 2" 


ve 2 
e 
— 

„ 

2-4 


Com. meaſ : . 


Therefore, as IS= . 


a — 2 23 


* 


4. Reduce > its loweſt terms. 
cara 


I to its loweſt terms. 


5. N 275 


6. — 6 to its 6 
9a r 2a EK“ 


2 
42 .. 
Jar A= 


e. A.. 


FRACTIONS. 71 


7. Reduce —— — to its loweſt terms, 
* -a, + ax—a? . 
= - ” 


8. Reduce Fr to its 3 terms. 


Av. 


F 


9. Reduce EL to its . terms. 
=p 


== * 2. * 


10. 1 . a its loweſt terms. 
} 


= 


6. To reduc cnpe ram oe. 


RULE 1“. 


When one of the terms is a mixed quantity, 

Multiply the integral part into the denominator of 
the mixed term, and add its numerator to the pro- 
duct for one term. 

Multiply the other term (viz. the unmixed part) of 


the fraction by the ſaid denominator, for the other 


term > the fraction done 


* —_—____. _—_— m_ — CEE 


— — AM 


ual multiplication of the terms being all that takes 
we ln of he rae obvious. es 


. r x4 TS +. - 


CU ond AY YL TEN OE RAT war 


# 7x 
e 


17 - on . N . V — E 
. 12 — ö ee * « *. 
e r 


— - 3 — = 
=» "<7 *X r 
* X „r 


2 


CL” | —_— 
PF. ² A V reed Crt FRI, whe 


——ů— — 


72 FRACTIONS. 


EXAMPLES. 


a+— 
i. Reduc —— to a ſimple fraction. 


4*. -er E the fraction required. 
C 


a * N 
2. Reduce Pl, and A. to ſimple fractions. 
ä | 
=; aXxc ac 
L 6 "i we. 2 
: *I$ 
a, * 
and Y 4X — . — 
ax axXy axy 
$- Reduce Wand 3 to ſimple * 
8 812 
5 
42. 35 47 —# X —4x3+ . 


CY 853 24 


„ 2K = 
15 yes 


1 
4. Reduce — to a ſimple fraction. 


- 


Anſe Fn, or an — g 
„ ns. 30 
RULE 4“. 


When both terms of the fraction are mixed quan- 


mixed term in rule 1; then multiply the reſult in each 
into the denominator of the other term, and the pro- 
ducts will be the terms of the faction required. | 


_— — 


—— — 


* That part of the above rule which depends on rule 1, being 

underſtood, the multiplication croſs ways by the denominators of 

4 the terms remains to be accounted” for—in order to which it muſt 
be obſerved, that taking away the denominator of the upper term' 


H 


r 


FRACTIONS. _ 


r 


r 


tities, proceed with both terms as you did with the 


3 . . ee. = 
re I IR mo; a n 
Y 1 2 


is, in effect, multiplying that term by it; and the fame may be ſaid of 
the lower term: but If one term of a fraction be multiplied into 
any 


\ 12 | A IL I II OIL TRI bas” 
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fa 


r 
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72 TRACTIONS. 


EXAMPLES. 
0 
4 — 


2. Reduce . to a ſimple fraction. 


õ 42 
2 
* | 15 r 
Anl. Fra TZ, (ay+x) Xz__ ayz+x2 


a+ (xXz+3) Xy (xz+3) Xy ay+5* 


| Explanation. 

Here the integer à is multiplied into the denomi- 
nator y; and the numerator æ is added to the product, 
and this ſum is multiplied into the denominator in the 
other term z, which product ayz+xz is the nume- 
rator of the required fraction. 

In like manner the integer + is multiplied into , 
and y added to the product, and this ſum is multi- 
plied into 5, the denominator in the other term, this 
produces the denominator xyz+y*. 

ow /* 
3 | 
2. Reduce . to a ſimple fraction. 
ä 
£C 


* 


FI 
4b. 11 (* Xy+x) = e 
22. (EX) (r = 
r 


— —— — . 


any quantity, the other term muſt likewiſe be multiplied into it, to 

make the reſult equal to the given fraction; wherefore, the upper 
term muſt be multiplied into the denominator of the lower, 

the lower term into the denominator of the upper, which is the rule. 

+ IF the learner finds this rule difficult to underſtand, he may omit 

it for the preſent, 8 | 


- FRACTION'S. 18 


4 
3. Reduce to a ſimple fraction. 


Xu = 


6. 


455 —— — x6_242+6x- 


—  (xx6==) xz (bx—5) xz N pe 


' * 
Reduce 2 to a ſimple fraction. 
* 
* 
+ 
9 
8. Reduce . and _ o fractions. 
4 
— 
6 
28 — 6 
| 429—5x N 
3 
6. Reduce — ſimple fraction. 
JÞF—= | 
c 
bex—acy 
Anſ. Ft 


H 2 Fan 


— 
— — — — <ii — — — 


—— 
—— 


— 
—M—üłꝛ— : —— — — 


— 


—— — 


— - 
” <—- 
ä—³—U—ũä—V — .pñ᷑ñ——— — —— — 
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70 FRACTIONS. 
7. To add fractional quantities together, 


= 


Reduce the fractions to a common denominator, 


(if they are not ſo already) then add all the new nu- 


merators together for a numerator, under which 
place the common denominator, N 
If this fraction be an improper one, reduce it to 


its proper terms. 


EXAMPLES, 


| 9 new numerators. 


— D— S 


114 = their ſum. 


5X6=30, the com. denom. 
Therefore 222 is the ſum required, | 


30 
Here the given fractions being reduced to a com- 


mon denominator, the new numerators are 6a and 


— —— — 


— * 


* To account for this rule jt is neceſſary to obſerve, that frac- 
tions with different denominators are unlike, conſequently cannot 
be added or ſubtracted - but when they are reduced to a common 


denominator, or made parts of the ſame whole, their ſum or dif- 


ference may be truly found by adding or ſubtracting the numera- 
tors, ſeeing the numerators in this caſe expreſs the values of the 
— 3 Wherefore the rules for addition and ſubtraction are 
Maniteit. x | 


1 


FR ACTIONS. 77 


ga, which added together give 114 this placed over 
the common denominator 30 gives — the anſwer, 
b b '3 
2, Add 1 19 and 1 together. 


bX3X4= 126 
—b X 2 X4—=—B86 new num. 
36 * X3= 183 


306—8b=226 their ſum; 
2X3 X4=24 com. denom. 
Therefore 222 —2% is the ſum of the fractions, to- 
24 12 
which annexing the ſum of the integers a, x, and 2a, 


which is 34+; the anſwer is 3a-Eæ- L . 
I2 


3. „ ether. 
2 75 7 08 


aXdXy X7=7ady 
cxbXyX7= 7bcy 
* NN = Ax 
4XxXbXdXy=4bdy ) 


bxdXy X7=7bdy com. denom. 


Their ſum 722+ 749+ 764x+ 44dy 
RS, £ 


new num. 


4. Add = and E together. Anſ. L. 
Do” 1 
H 3 


* 
LY 
= 
,- 
: 
ky 
: 
. 
oy 
” 
.” 
nn 
4 
[2+ 
" 
— 
* 
# 
2% 
* N 
E. 
= 
1 
Co, 


* - IL 


= 
* . - - K : 
„ 


by 1 n ——— 


"I FRACTIONS. 


5. Add 3 rs: Af, LEED A . 
25 | 2 
6. Add "> =» and © f roger 


2 3 2 5 
| | Py . 
7. Add 7. <, and = together. 
| * 


. 


8. Required the ſum of 4+. and 5—S, 
, | | £1 


Aub +252, 
| | a. 
9. Find the ſum of r 7 3 
19. Add 55 and 2 3a ö together. Au. 5 
5 
11. Required the Fac of 3a, 15 and A 
| a 
Al job ks — —oþ 


FRACTIONS. 7 


fam - and 
13. Find the ſum * 


Xo] 


Al, =. 


| x*+1 
8. To ſubtract one fractiʒonal quantity from another. 
RULE. - 


Reduce the fraftions to a common denominator as 


before, 
Subtract one new numerator from the other, and 
under the difference place the common denominator; 


this fraction will be the difference required. 


EXAMPLES, 


1. From <. take . 
2 9 : 


4 * = | 
2 new numerators. 


5a their difference. 
2X9=18 common denominator. 
Anf. _ the difference required. 
, | 3 


This example is done like thoſe in prob. 7, except 
that here you ſubtract the numerators inſtead of adding, 


7 a __  - . . — W-:,., % = 
” * — n R „ ik. - 


ö 
f 
. 1 
{ 
* 
n 
i 
i 
4 
; 
1 
* 
ww 


I + - N 
2 —— — 
—— — — 


rr re was” e kw 


— — 
- - 


— — 2: — ð— 
— . . 0 » 
— 


+ 
t 
4 
x } 
1 
· 1 
* 
1 
+ 1 ' 
1 
P \ 
| 


Sc — > 


— 
— — 


S 


— — _—_ — = — 
” = * 0 ® * > - . * ** — * 
* 2 
IG OW a 
CR _ Eo rr cnc nr ny 


® « 
* , 
— 


— — 


— — — 
— — 56 
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% FRACTIONS: 
2. Required the difference of — and Z. 
a * 
 XXYE=XYZ | 
YXa=ay f new num. 
ay their diff. 
a K com. den. 
A. ＋＋ the required difference. 
2 
3. From 14 take . 
42 — 
IN r new num. 
õ - X.; = α a 
- 55 diff. 
5Xy=5y com, denom. 
4. xy +F49—5x+ 52 
5 5 | 
4. From = woke 5 Auſ. =: 
5. From 22 take . 420. . 
2 5 8 
6. Find the difference of E and 32. 
76 86 
324 — 2 146 
Ab. 705 


FRACTIONS, St 


7. From 4x take =. Ns 42. HE, 
| — 
8. From 5 take 2. — — . 
._ wy 2 * 
9. Required the difference of AT and 2. 5 
| a 


— 


AX 
* —ͥ 


Ha. ——. . 
11. From * take += 2 


* W I 
MX 


9. To multiply fraftions together. 
RULE 1“. 


Multiply the numerators together for a new nume- 
rator, and the denominators for a new denominator. 
Reduce the new fraction to its loweſt terms. 


— 


— - «*4s * 0 
— — — 


* The truth of this rule may be ſhewn thus, let æ be multiplied 
into ; this is evidently the fame as taking + of 3, and perform- 
ing the multiplication by the rule, the product is Z n, which is 
2 be the true produſt, for the half of two thirds is one 


- To 


** „„ enoS-. 2 —— 2 4X 


lt 
4 
4 
1 
75 
4 
4 
( 


8a FRACTIONS. 
EXAMPLES. F 


1. Multiply Z into . 
- 5 4 


. 2 ä 
„ E (reduced) =E the product required, 


5 4 20 
Explanation. g 
Firſt, the numerators 2x and 3x multiplied, pro- 


duce 6 for the new numerator; and 5 multiplied into 
4 is 20 for the denominator; the new fraction is 


therefore = which reduced to its loweſt terms js 25 


the anſwer, 
. Multiply , A, and & together. 
2. Multiply _ 12 an = ogether 


Auſ. N == the product. 1 
„ 3. 349% * 


3. Find the product of and 
| AE er, : 
E. 
WES SL erer 


tt „ 2 


To make this ſtill plainer let 2 be multiplied into TS, the work 
85 | 3 ; 
will ſtand thus: 


X 22 88 the product. 
3 | 
But ©=b end ; now if inſtead of the fraftions : and 2, 


a y a | 
we multiply their equals & and x together, the product will be bn, 
the very as , wherefore the rule is manifeſt. 


FRACTIONS, 8 


4. Multiply 7 and 1 together. 


by WV es 
5. iply = — Inf. — 


1 2 1 L. A, SD — —. 
6, Multiply 2 into n ol. — ; 


7. Required the product of = into . 


a x+2y 


8. Required the 1 2. 5 60 . 


2a 


4 | 
. 2axy 
* ay 
; XZ 


. 1 [ 1 8 
9. Multiply 7 into = 


: ti — PET. and 3. t her. 
10. Multiply oy 7 - ogether 


11. Multiply into = * 
JI 


I IE rod Fi ms ore 65g, 4 Y See Fr 5 * rn 


. \ 
— a> — — 8 


84. FRACTIONS: 
2 RULE 2*, 


If the numerator of one fraction be the ſame with 
the denominator of another, they may both be left out. 


EXAMPLES. 


4” 


1. Multiply 22 inte =: 
FI Aal. Ex nt the product. 


Here za is left out, being | bot a numerator and a 
denominator. | 


2, Multiply 7 2. » and ger together. 


Anſ. * x2 —— the product. 
. | 


ie and 24 are left out. 
3» Maldphy—, = and os . 
Here, leaving out y and 2x, the — is = 2 | 


_ 3 ** 
4 Find the een & 7» ee, and 2 


11 
—. 4 


—— 


Equal diviſion of the terms bein all chat takes place i this 
and the following rules, the truth of each will be manifeſt; hy 


FRACTIONS. 85 
RULE 3. 


When the numerator of one fraction and the de- 
nominator of another can be divided by any quantity, 
the quotients may be uſed inſtead of that 
and minator. 


EXAMPLES. 
imo d 
1. Multiply 15 into 15 
Here, dividing 8) and 16 by 8; alſo, 6x and g by 
zy we have | 


© X == the product. 


3 3 
2. Multiply 2 into 2 
4) 2ax 


Here the y and ax being each common to a nume- 
ator and minator, are left ont, the product is 
3 | 


* 

43 
, Multiply ZZ into 2. Ans 2. 
3 52 * | * 2 

ply 2, 2, 2, and in together 

4. Multiply F ey Bs and — together. 
12 
* 


5. Multiply 2, = and = together. 
4 


86 FRACTIONS. 
10. To multiply an integer and fracbion together, 
| RULE®, | 


Divide the denominator of the fraction by the in- 
teger, when it can be done without leaving any re- 
zmainder, or when it cannot, then 

Multiply the numerator into the integer, the reſult 
in both caſes is the ſame, being the product required, 


EXAMPLES, © 


2. Multiply 5 into 4. 


H 2 n | 
8 We —24 =” 5 the product by the firſt 
method. ; 


Rad ZX4=25t= 2.5. th od the 
hank e RN ee 
:ſecond method, | 
Explanation. 


Firſt. The denominator 8 ĩs divided by the integer 
-4, which gives 2 for a denominator, which placed 


under the numerator .x«the anſwer is =. Next, the 
4 X's ; 2 . 4 


It is evident from the nature of fractions, that multiplying 
one term of a fraction, or dividing the other by any (the ſame) 
quantity, produces the ſame reſult, which aceounts for the forme! 
part of the rule: with reſpect to the latter, if 1 be written under 
the integer it becomes a ion, and the operation will be found 
exactly the ſame as the foregoing rule. 3 i 
be firſt method is the moſt convenient when it can be applied 


the ſecond is always practicable. 
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mumerator'x is multiplied. into 4, and the product 4 


is placed over the denominator thus, XZ, 7 which re- 


duced is = 2 the very ſame as before. 


2. Multiply 2 into 2x. 
13 


4. 22: * = the product. 


8 Multipiy — — * 4a. 


4 == tlie 
. 5 product. 
4. Multiply == 2 34 
. M ul . 32 . — 
5. Multiply — into 84. 
* * 25 
6. Multiply — 
ply 3aæ inta yarn 
7. Multiply 2 into — 4x 
4 
8. Multiply = into 3x. 
; J 
9. Multiply ax, = and — together. 


z . 
Anf. 5 
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11. To divide one fraction by another. 


x * 
RULE. I 1 


Invert the. diviſor and then multiply the fractions 
together, the reſult will be the quotient required. 


EXAMPLES, 


- Divide A. by ©. 


4 
_ 221 the quotient. 
4 a 4a 


Here the FE being inverted is, into which 


the other fraction = being awe. the reſult = 


reduced to + is the quotient, a 


. The reaſon of this * _ be thus explained : ſuppoſe it 
were required to divide = by 7 now - divided * e isevidently 


ha. > part of — or * But inſtead of c we age required to divide by 
c 6 

— of ) if therafore we myttiply the 
quotient 3 into d inſtead of dividing e the e, by it, the re» 


L part of + only (for ©= 
a oaly (for — 


ſult will be the fame, Viz. 4, (for in divifion dividing the diviſor 


— 
6 


is the ſame as multiplying ns quotient.) Therefore — 7 5 


—.— 
d 


* Led which is the rule. 
co 8 


9 
} y 


FRACTIONS. 
3x 

2. Divide = D by = 2 

„2232 


— 2 the quotient, 
1 6x" be; * 


3. Divide _ by = 


eu . e the 3 
4— c1 4 —9 | 


4. Divide - by S 5 3 ; 


18 


1 Let E be divided by . A. = 5s 


6. Find the quotient of 11 divided by 1 =, 


i * 45 54 1 


8, Let 5 be divided by. ay, 39, 


. * 2 "FP 3x 
9. Find the quotient of = divided by = 


— gg 
3ax+3x 


4 


1 — N — 


— —  —— — 


go FRACTIONS. 


RO GE -" abaics.: 

= 3 * * 
Divide r . 

II, Divi = by = Anſe æ A. 


When the terms of the diviſor will exactly divide 


- thoſe of the dividend, then divide numerator by nu- 


merator, and denominator by denominator, the re. 
ſult will be the quotient required. 


EXAMPLES, 


Explanation. 
Firſt, 4ex divided by 24 gives 24 the numerator; 
then gab divided by 3a gives 36 the denominator. 


2. Divide 2 by 4. 


2) 5 
4, the uatient. 
r 


* 


— * "EY 


— — . 


. The truth of this rule will be evident, as the reſult is the 
ſame as that of rule 1; it may however be remarked, that the 


former rule is always praQicable, the latter not always; but where 


the latter can be applied, the quotient will be obtained in lower 
terins, ; 


mh 5 


he 


er 
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12. To divide a fractum by an integer. 


RULEF, 


Divide the numerator by the integer hes it aan 
be done without leaving. a remainder; and when it 
cannot, multiply the denominator into the integer, 
the reſult being in both caſes the fame, is the quotient. 


required. 


EXAMPLES, 
1. Divide = by 4. 
SY 


— — — —„ 


The reaſon of this rule a ata 
in the note on prob. 11. 


% 
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Firſt way, — 15g DL the quotient, 
3 9} * 
Second way, T4 - the ſame, 
* $y X48 2029 53y * 
. xlanation. 15 
Firſt, The numerator 4a divided by 4a gives x, 
which placed over the denominator 535 gu. for 
” * | * 
the quotient, In the ſecond, the denominator 5 


is multiplied: into 4 the diviſor, the reſult is 4, 
| 5 20ay 


which reduced is 15 the very ſame as before. | 


2. Divide Ls oo by ze. 


Firſt way, 22 — 2 ———— ann 
26 26 3 
the quotient. 2 6 
Second way, 22 ———— 
1881 N 26 26X3x '6bx 
— , the quotient as before. 2 
2 


3. Divide 32 by 3ay. WY; . 

4 DES: 4 

4. Divide 2 by —3a, . 
_— K 3 


8.2 


. 


dire 


FRACTIONS. 33 


5. Divide by abe and Er 24*. 


— — . 
284 * 


40. — and —_ 


vide 222. _— 
6. Divide by x—y. uf. — 


2—1 
7· Divide 2 by 3x, 4) 5, Ox, and 5. 
dnf. Z, E, 32, 2, and 15%. 
F 7%. 
13. To divide an integer by a fraction. | 
Rb ES. 


Multiply the integer into the denominator of the 
fraction, 2 a numerator ; under which product place 
the numerator of the fraction for a denominator. 


1 : EXAMPLES, 
1. Divide 3e . | 
Auf ja - the quotient, 
J 4 1 | 


— — = — 4 


® If x be written as a denominator under the integer, it becomes 
« fraction, which being multiplied into the diviſor, inverted ac- 
cording to prob. 21, the operation is the ſame. as the above rule. 


14% FRACTIONS. 


The integer 3a is here multiplied into the denomi-. 
nator y, and the product 3ay is the numerator, under 
this the numerator of the diviſor 4x is placed for a 


denominator, making the quotient 2 . 
2. Divide 34 ＋4 5 by + „and 4 by 7 


_ Firſt, FE E=EIP SL 3* 
+ 53+ N : firſt quotient; | 
Then bn i= 7, ſecond quotient. 


©- 


* 


Arſe. 147 and ad 
6 
4. Divide 3ax by ** and — 5 by . 
5 
. 5. Divide x*—2ax+a* by. 


Ar —3x* A＋ Za —41. 


ni. 
er 
a 


Jy 
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2 


#6, Divide a by =, and —a* by * 
| Lu. and 3. 


Promiſcuous examples in the preceding rules for the learner's 
| | exerciſe, _ | | 


= 


1. Required the ſum and difference of 7 and 2 
* a 


2. Find the product and quotient of = and . 


Ay ac ad 
Anſ. Prod. T7 quot. T 


3. Find the ſum and produt of and — 7 
: J 


Auſ. Sum &77 cod. —. 
by by 


—_ % — 1 1 


* 


* The foregoing rules are of the moſt extenſive application; for 
integral quantities may be reduced to the form o ions, and 
their operations performed by the very ſame methods. | 

Fractions cannot be added to or ſubtracted from each other till 
they are reduced to a common denominator. : 

J — may be multiplied or divided without any previous 
reduction. 

The ſum of two fractions is greater than either, and their dif- 
ference is leſs than the greater. 

The product of two proper fractions is leſs than either, and the 
quotient of any two fradtions is greater than the dividend. 

Fractions having the ſame denominator are to each other as .— 
numerators; and having the ſame numerator they are to each 
inverſely as their denominators. N : 

Hence in general fractions are to each. other directly as their nu- 
merators, and inverſely as their denommators. 4 


— 


2. and Z into their uct. 2. 
* 5 prod 4 875 


* FRACTIONS. 


4. Required the difference and quotient of — 
a tie 
d 4 As. Diff, , quot. L. 
5. Find the ſum ER Toots. - 
255 2 
Anſ. Sum —— quot. 4 to 
6. Find the quotient and difference of = * 2 and —. ＋ 
1 
Anſ. Quot. 1.3, diff, 13a, P. 
15 30 
| re 
7. Which is the greater — rk and how much? 
40. A. is the greater by —. 
„ 
8. Which is the greater the product or the quotient p 
— by ui. ahn ave they, and what is the difference? 
- as q 
af Prod..2s, quot. Fl the product is greateſt 
; by as. t 


e Whar will a by multiplying the fum of 
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10. Add the ſum, difference, product, and quo- 
tient of 7 and E together. 


Anſ. 27a+9ga*+ 16 
18 
11. Add the ſum and difference of 2 and 2%* 
| . 49 8 
together Au.. - 
12. From the quotient of = by - ſubtract their 
| 4 | | 
product, and find what will ariſe by adding 2 to the 
remainder, Aus. 2 56 2 +3090 
406* 


INVOLUTION. 


The power of any quantity is that which ariſes by 
multiplying that quantity continually into itſelf; the 
given quantity 1s called the root. ; 

Involution teacheth to find the powers of any given 


quantity, viz, its ſquare, cube, biquadrate, &c. 


RULES, 


1. Multiply the quantity continually into itſelf as many 
times as there are units in the index of the power leſs 
one, the laſt product will be the power required; or 
2. Multiply the index of the given root into the 
index of the power, the reſult is the power required 


K 


4s before. 


2 


ö 


— 


— ———— —Aöt . —ñ——ĩ ——ũ—— 
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Note. The firſt rule is moſt convenient for the 
coefficients, and the ſecond for the literal part, when 
ſimple quantities are to be involved. 


General rule for the figns. 
When the ſign of the root is +, all the powers of it 


will be + likewiſe; and when the root is —, all the 


even powers are +, and all the odd powers —, 
1. Involve a to the ſecond, third, fourth, and fifth 


powers. 


By rule 1. By rule 2. 


aK A... . 2 or. . ax Zz A Square. 
4 XX AA. 22 e... „ax Za“ Cube. 
a xa xX Aa. S .. , . , a?X4=a* 4" power, 
-AXAaXaXaXa=as®, . ... . . al X Sa 5 power. 


Here, by rule 1, 4 is multiplied once into itſelf for 
the ſquare, twice for the cube, three times for the 
4 power, and four times for the 5 power; but the 
fame end is more readily attained by rule 2, where 
the index of a, viz. 1 is multiplied into 2 for the index 
of the ſquare, 3 for the cube, 4 for the 4 power, 


and 5 for the $5" power. 


2. Involve - ax to the fifth power. 


By rule x. | By rule 2. 
— 2.X , 
— 2X For the coefficients, 


+ 4x* Square, —2 X—2 X—2 X —2 X —22—32 


55 TY it O97 Ya. EE Ws WY 


£ 
4. 


of 


S “ . ».. ,], 
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4 

— $x7 Cube. and #1X5=x* the letter. 
— Fx ö 

+ 16 Biquadrate, 
— 2 Therefore —32x* the fifth 
— power required, 
zar! Fifth power, | 


— Ü——.⸗ͥ : 
is 


3. Required the 6 power of _ and the cube of. 
K | 


-4< a ax 1 
as. 5 == === the 6 power of Ir. 


And 0 SNA XA 2— the cube of . 
41 4% 4y 4y 0457 47 


4. Required the 34 power of abs and the 40 _-_ | 
of x*y. Auſ. a b an 


5. Involve xy*z3 to the ſquare and — 3 to the 
cube. Anl. x*y*z* and —274* *y% - 


32. Al 


6. Find the 7* power of — 


çfTj—E ͥ — : ——— — —— ——— ́—wu ä ñꝛꝑñ—ñĩůͤ — 
| 
- 


— äU— — — — I _ — 


| 
| 
| 
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7. Involve a—x to the 5 power. 


a —x the root or 1* power, 
aA — 


a*— a x 

— a x+x* 
a*—2a x+x* Square or 2" power, 
a — 


al—2a*%:54+ a * 
— A t 2a x*—x3 
a — 3a v X 3a K — 43 Cube or 9 power, 


Sg FX 


— 


a a — 34 3a — 

— a*x+ 3a 2. — 3a x*+x* 
1 6a? HEY 4a x3 43+ Biquadrate or 4* 
a —X | power. 


4.—42 Ga — 4a*x3 + ax*+ 
— a*x+ 4a*x*— Ga +4ax*—x3 


P—=IS 


a — ga*x+ 10a%x*—10a*%*x* + gaxt—x* 5 power. 


8. Required the ſquare of x+y, and the cube of 


46. The ſquare of x+y is x*+2xy+z?, and the 
cube cf a—6b is aI?—3a*b+3ab*—b3, 
9. Involve at 2 to the 4" power. 
Anſ. 8a x+24a*#*+32ax* ＋ 162. 
10 What is the 3“ power of x+1 and of x—1 ? 


Au. x +3x* +3x+1 and xa3—3x* +3x—1, 


* 


I, 
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11. Involve a+6 and a—b6 each to the 4 power. 
a*+42% +60 +4063 L.. 
2ax* 


12. Involve —2435+ to the. ſquare, —— to the 
3 


cube, —= to the 4 power, and'x—y to the 5 
: 2 7 


power. 


6 
An,. 4435 * + „„ _ #4 * » _ and 4 — 5 
+10x%*—10x*y3 + gxy*—y3. / 


*SIR ISAAC NEWTON's RULE for finding any 
power of a binomial or refidual quantity more readily than 
by the common method of involution.” | 

For the terms and indices. 


1. Write down the firſt or leading quantity as many 
times as there are units in the index of the power to 


which it is to be involved. 
2. Over the firſt of theſe place the index of the 
power, over the ſecond the -index decreaſed by 1, 


This rule expreſſed in general terms is ad follows : 
2 N : 
D. ent nn bf. 2. 


. 
+a, . . , 4. 


The celebrated Sir Iſaac Newton diſcovered this rule by induce 
tion: fince his time ſeveral mathematicians have given demonſtra- 
tions of it, which depend chiefly on figurate numbers, or the doc. 
trine of fluxions: Landen, Ronayne, Maſeres, and ſome others 
have demonſtrated the rule by pure algebra, but their methods are 
moſtly too intricate to be given, in this place. 


3 


— — 
än RN—U —4 õꝰ̃ —— 


let 1 be made the index of the firſt, 2 0 
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over the third the index decreaſed by 2, and ſo on, 
making the index of each term 1 leſs than that of the 
s | 

Take now the other quantity ; and beginning at the 
ſecond term, annex it to that and the following terms 
of the leading quantity, and carry it one place 2 * 5 

| f the ſe. 

cond, 3 of the third, and fo on, increafing by 1 in 
every term to the laſt, whoſe index will be that of the 
given power. | 

This rule being obſerved, the indices will ſtand in 
the following order 


Indices of the leading quantity 5 4 3 
Thoſe of the following 1 2 


For the coefficients, 


The coefficient of the firſt term is 1, and in any 
term if the ccefficient be multiplied into the index of 
its leading quantity, and the product divided by the 
number denoting the place of that term, the quotient 
will be the coefficient of the next term. | 


For the fignts. 


When both terms of the root are -+, all the terms of 
the power will be +; but when the ſecond term 13 
—, all the odd terms (viz. the 1*, 3%, 5, &c.) will 
be +, and the even terms (viz. the 2%, 4%, 6, &c.) 
minus, | 
Note. The number of terms in any power will be 
one more than the index of that power. The coeth- 
cients will ſucceſſively increaſe up to the middle term, 


" FEE OP 
5 4 5 


and then decreaſe by the ſame differences down to the 


laſt; ſo that the coefficients of the firſt and laſt terms 
will be abke, being each 1; thoſe of the ſecond and 
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laſt but one, will be alike, being each the index of the 

wer; in like manner the coefficients of the third 
and laſt but two, the fourth and laſt but three, &c. to 
the middle term, will be reſpectively alike. - 


EXAMPLES, 


1. Involve a+ to the 40 power by Sir Iſaac New- 


ton's rule. 


The leading quantity a with 
its indices will be 
And the following quantity 
5; OO yn 

Theſe connected according 
to the rule, the terms with-'> a#, a, a, a, x* 
out the coefficients will be | 


„% 4... „ af 


Now to find the coefficients, that of the firſt term is 1 
(underſtood) and its index 4, and being t the firſt term, 
1 denotes its place, therefore 
Lada, =4 is the coefficient of the ſecond term. 
1 
And multiplying this coefficient into the index 3 of 


the leading quantity à in the ſecond term, and dividing 


by the number 2, denoting the place of that term, 
we have 


4X36 the coefficient of the third term. 
2 
And multiplying this coefficient into the index of à in 
the third term, viz. 2, and dividing the product by 
the number 3, denoting the place of the term, we have 


6 * 0X2 


=4 the coefficient of the fourth term, 
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In like manner 4 multiplied into 1, the index of a, in 
the fourth term, and the product divided by the num- 
ber 4, denoting its place, we have 


— =1 the coefficient of the laſt term (underſtood, 


And becauſe both terms of the root are + all the 
terms of its power will be T. 
Therefore the 4 power of a+x is a*+443x+6a* " 


T4 px, | 

2. Involve a+6 to the 5" power. 
wy 4 quantity „ 9 
And the following * | 

quantity % 6%, 65, * 
Theſe connected, the) 

terms without the 2 a*b, 492, a*b3, ab!, 33 

coefficients will be 

1 (underſtood) is the coefficient of the firſt term. 


IX5= 5 the coefficient of the ſecond term. 
150 


2 o the coefficient of the third term, 
2 


2E lo the coefficient of the fourth term. 
- 

— 5 the coefficient of the fifth term. 
4 


5X11 the coefficient of the laſt term (underſtood), 


. 8 
Therefore the 5* power of a+6 is 


a + 5a*b+10a*%6* +10a*b3 + gab* +85, 


— 
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3. Involve x—z to the 6 power. 
The terms without the coefficients will be 
x5, &, x*2*, x3*z3, x*2*, x25, 2®, 


And the coefficients 


or, 1, 6, 15, 20, 15, 6, 1. 
And the figns will be alternately + and —. 
Therefore the 6* power of x—x is 
x5 —bx* 2+ 1 53*2*—20x%27 IO -G +25, 


4. Involve a+6 to the cube or 30 power, 


Hof. 4 +30*b+3ab* +8", 
5. What is the 4'* power of a- 
Auf. a*—galy+baty*—4a9* +3% 
6 Required the 5 power of a—z. 
Auſ. a*—ga*z+ 104*2*—10a*2 + gazt—2z*, 
7. Involve ? to the 6 power, 
2 ms Gm A 15m*n*+20m*n* + 1 gm*n* + bmn* ( 
n*, 
8. Involve c—z to the 2 power. 
Anſ. c? -c +210 2% —35*23 +35) 2*—=21c* 28 
+ 102% —27, 


EVOLUTION. 


Evolution is the reverſe of involution, and teacheth 
to find the roots of given quantities. 


- 
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I. To find the roots of fimple quantities, 


RULE 1*, 


Extract the root of the coefficient for the numeral 


rt, and multiply the indices of the letters into the 
ndex of the root; the products placed over the let- 
ters to which they ſeverally belong, will give the li- 
teral part of the root, to which the numeral part being 
annexed, the root is obtained. 


EXAMPLES, 


3 the ſquare root of 4a“ and the cube root 


X 2 3 i 
and / 8x3 — T=2x3 =2x. 


Explanation. 


In the firſt place the ſquare root of 4 is 2 for the 
coefficient of the root; ſecondly, the index 2 being 
multiplied into the index of the ſquare root, viz. 2 
gives 1 for the index of a, the root therefore is 24 or 
2a, the index 1 being always underſtood. 

In like manner the cube root of 8 is 2, and the 
index 3 being multiplied into 3, which is the index of 
the cube root, gives 1 for the index of x, the cube 
root of 8x3 is therefore 2x. 


— 2 * 


This rule being the reverſe of involution, the reaſons on which 
its operations are founded will be ſufficiently obvious, 


of 


of 


„ 


EVOLUTION. ro7 
2. Extract the ſquare root of ga“ and the cube root 


of 64. 


Anſ. Va“ = 34 72 zat zan. 


and Fg 642? i T=axF=ax\. 
3. Extract the 4" root of 16 . 
| A1. 7510 . 


4. Required the ſquare root of =. 2 
4 
Af N > 


— Wo 
a*z* az3 


5. Required the ſquare root of 9x* and the cube 
root of 843. Anſ. 3x and 2a. 
6, Find the cube root of —64x3y%. Anſ. —qxy?., 

$1549 


7. Extract the ſquare root of sand the cube 
root of 274368. Auſ. qx and 3ab®. 

8. To find the 4® root of 81y*z and the cube root 
of a æ. Anſ. 3 — and arr. 


9. Extract the cube root of — and the ſquare root 
27% 


of — yal, 


Anſ. = the ſquare-root of —ga*x* is impoſſible, 
0 | 


RULE 2. 


If the given quantity be not a complete power, di- 


vide it by the greateſt power that will divide it; place 


the quotient under the radical ſign, and then annex it 
to the root of that power. 


tog EVOLUTION. 


EXAMPLES. 
1. Extract the ſquare root of 2a*x, 
As. Va X2=44/2. 
| Explanation. 


Here az is the greateſt ſquare quantity in 2a*, and 
_ dividing this latter by it the quotient is 2, which put 
under the radical agn, and mend to the 1 root à is 


'ay/ 2. 
2. Required the ſquare x root of 1243 and ry cube 
root of 3x3. 


A0. * 1245 n * za za. 
and e = $3: Vz. 


3. Extract the ſquare root of 3x*y+ and the cube 
root of 3ax. 8 Anſ. xy;/ 3 and , zax. 


4+ What is the ſquare root of 22 * 
| 4a 


x. Extract the cube root of 372. 
; 4a 5 


6. Required the 4 root of 32a and the 5 root 
of y . 5 An. 24 / 2x and of . 


eggs gte gg 


*. 
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2. To extraPt the ſquare root of a compound quantity. 
| nul“. 

Range the quantities according to the dimenſions of 
{ome letter as in diviſion. 

Find the root of the firſt term and ſet it in the quo- 
tieht, and its ſquare under the firſt term, and ſubtract. 

Bring down the two next terins to the remainder 
for a dividend, and ſet double the ròot on its left for 
a diviſor * . 

Divide the dividend by the diviſor, and annex the 
reſult to both the quotient and diviſor. 
* the diviſor ſo increaſed; by the term laſt 


Bring down the divifor, and having doubled its 
Jaſt term, place the reſult to the left of the new divi- 
dend for à diviſor, divide, annex the reſult to both 
Þ ung and diviſor — multiply ſubtract — bring 

own two terms, &c. as before—proceed in this man- 


ner till the work is finiſhed. 
3 NN 4 
* The method by which roots are extracted conſiſts entirely in 


erployi g a proceſs 1 of inyolution, and which was evi- 
dently pointed out by it: thus, if a fx be a root of which the part 
a is known and x unknown; then the ſquare of this root being 


Mo Gr -x*, which. is the compoſition, this indicated, the me- 


of refolution ſo as to find out the unknown part x ; for having 
ſubtracted the neareſt ſquare @? 

remains zar HR or, (28-+4-x) xx; therefore dividing this remainder 
by 24, double of the firſt member of the rogt. the quotjent will be 
nearly x the other member; then to 24, adding this quotient x, 
and multiplying the. ſum 24. T into x, the product will make up 
the remaining part 2 of the glven power; wherefore the 
root a-+x 18 found, and the method by which it is obtained agrees 


from the given quantity, there 


exactly with the above rule; much in the ſame manner are the 
rules for extracting the cubic and other roots derived. 


L 


new dividend ; I next take the diviſor 2a* + 24, and 


110 EVOLUTION. 
Note. The operations in this and the following 


problem may be proved, either by addition or by in- 


volving the root to the given power. 


EXAMPLES. 
1. Extract the ſquare root of a*+44%+6a, +4a+1, 


a*+44*+6a*+4a+1(4a*+24a+1 root. 
. 3222224240 = the ſq. of a?, 


een ..;- 2< dividend. 
44 +44? 0.002 . = (24a* +28) X24, 

2a*Þ4a+1) . « . 2a*+4a+1 , 24 dividend. 
24" TA =(24"+44+1) R 


a*+4a3 +6a*+4a+ 1 proof by addition. 


Explanation, 

Firſt, The greateſt ſquare in @* is a+; I put its 
root a in the quotient, and ſubtract the ſquare, 
dringing down the two next terms 44 +6a* ; I then 


double the root * and it becomes 2a*, which is 
placed for a diviſor; and 4a* divided by it, the quo- 


tient of which is 24, this is <p both in the quo- 


tient and diviſor; I now multiply the diviſor 2a* + 24 
into 2a, the reſult is 443 + 4a*, this is placed under 
the dividend, and ſubtracted from it, and the two 
next terms are brought down to the remainder for a 
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doubling its laſt line it becomes 2 ＋ 4a, and divi- 
ding the new dividend 2a* 44 ＋ 1 by it, the reſult is 
I, which placed both in the quotient and diviſor, and 
multiplied into the latter, produces the laſt line 
2a*-+4a+1. The addition proof done the ſame way 
as in diviſion. | 


2. Extract the ſquare root of x#—6x7 + 13x*—12x+ 4. 


x*—b3x? + 133*—12x+4(4*—3x +2 the rt. 
+ - 0 


Proof by involution. 


* —3* + 2 
K —3* + 2 


x*—3x3 + a2 
— 3x3 + gx*—bx 
2x%—bx+4 


x*%—6x3 +13x*—12x+4 


— — 


L. 2 
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3. Extract the ſquare root of 16y*—4oy +2 5. 


169%—4oy +2 54-5 root required. t 
16y* | LY 
— 72M | A 
5) - +25 ; P 
| —40y +25 
N ti 
. 
| 5 | it 
N fe 
4. Extract the ſquare root of x* + 2xy+ y*. 
2 ' Anſe x +03. b 
g. Required the ſquare root of z*—-2x+ 2. 
6. Find the { e 
d he ſquare root of x*+ 4x*y + 6x*y* + 4xy? 
*. . 5G. of 1 
7. Extract the ſquare root of 4a. — 1237-134 K* 
.. My ene 
8. Required the ſquare root of æõ* +=. 
F * 
| 1 
9. Extract the ſquare rost of a*—qgax+4qx* + 2 
4 . Auſ. a—2x+. 
3. To extract the roots of powers in general. ; 
KULSE. 
Range the terms according to. the dimenſions of 
ſome letter, as in problem 2, then find the required hy 
root of the firſt term, and place it in the quotient. 4 
— — | -E fo 
„As this method is generally thought too laborious for high if 
powers, eſpecially when the roots conſiſt of more than two terms, 10 


the roots may ſometimes be eaſily diſcovered thus. 


Extract 
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Subtra& its power from that term, and bring down 
the ſecond term for a dividend. | 

Involve the root laſt found to the next lower power, 
and multiply the reſult into the index of the given 
power for a diviſor, | 

Divide the dividend by the diviſor, and the quo- 
tient will be the next term of the root. 

Involve the whole root to the given power, ſubtract 


it from the top line, and divide the remainder as be- 


fore, for another term of the root. 
Involve the whole root, ſuhtract, divide, &c. as 
before till nothing remains, and the work is finiſhed. 


EXAMPLES. 
1. Extract the cube root of x* +6x5 +1 5x*+20x* 
+15x*+6x+1. 5 
* TOT +15x*þ+20z3 +15x*+ bx+1(x* +2x 
+1 the root. 
46 Sada» EH dh - + « the cube of K* 


3x*) . . 045 , . + . + the 20 term divided by 3x*. 


x*+6x%+12x*+8x? . . the cube of x*+2x. 


3% . 3x%. ö the rem. divided by 3x. 


* + 6x3 +12x*+204* +1 $x*+6x+1 the cube 
—- — of x* +2 


1— — 


Extract the roots of ſome of the moſt le terms, and connect 
them together by the ſign + or — as may be judged moſt ſuitable 
* — 9 arp : 
involve the compound root thus found, to the proper power, and 
if it be the ſame with the given quantity, the beans rene is the 
root required, . 


But 


L 3 
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Here x* being the cube of the „ Is 
placed in the rent, bee of th . * under 
the firſt tern, then 6x5, the fecond term, is brought 
down for a dividend, and the root x* is inyolved to 
that power, which is next lower than the cube that 
is to tlie ſquare, and maten 3 „ the index 
of the cube for a diviſor, {ee the work & Xx* x3= 

the divifor . . next 6x* divided by 3x+ gives 2x 
* the ſecond term of the root, the whole of which, 
viz. &* 42x, is now involved to the eube, as in the 
third line of the work, and this ſubtracted from the 
Wed line, the firſt term of the remainder is 3, which 
divided by the common di vifor 3 * ives 1 for 
the third term of the root. The whole roof & + 2x +1 
ts now involved to the cube, which is the laſt line of 
tha work, and being exactly like the top line, ſhews 
that x*+2x+1 9 Rr root. 8 


— —_ 


But if i it differs in in _ of the — only, Sw — * + 
to —, or from — to +, till its power agrees with the given one- 
throughout. 

Thus in the $th exam ample, the root is the difference of the 
roots of the firſt and laff terms, and ar pee may be obſeryed of 
the roots in examples 3, 6 and 10. 

In example 4th the terms ind the ro edn dah of the roots of the 
firſt, fourth and ſixth terms, example 9 is the ſum 
of the roots of the firſt and 1: 

Should the above problem be — too difficult for the learner, 

he may omit it for the preſent, as alſo apy of the following promiſ- 
cuous examples, the methods of extracting roots by approximation, 
which are fhewn further on, being far more eaſy and practicable, 

* this problem bas che ady antige i in point of exactneſs. 
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ee ae eee . 71 —2 9 
Jt. 


e 
. 0 +,+e +22 2 » » the hard a 


2x), 5 — 2 1 the ſecond term divided byzx*, 


—.— * the ſquare of xt —xy. 


237 ). . Foy 0 3 *. . the remainder divided by 2x3. 
— . =ar yt 


— 


The diviſor is thus produced . x* is already in 
the next lower power than its ſquare, and multiplying 
6 into 2, the index of the ſquare, the reduly1 is 2x* the 

viſor, 


LL Extract the 4th root of * — 3. + 6x*y* = 4xy3 ++ 8 


zr 
* 


4¹ -i 


— — = 
rer rr 


4. Extract che ſquare root of & +2xy+24z+y*+ 
291. Auſ. æ -x. 
5 Extract the cube root of 42 — 34 K ＋zax — r. 

Auf. a—x. 

6. Required the cube root of 114 518. +96, 
* Anſ. y*+2y—4. 
7. To find the cube root of * +3 zx*+63x3 
+66e* +3658 Ay. KT. 


| 

* 
4 
* 
BJ 
1 
.J 
| 
Y 


—-- — A n 
. ha In * * . 1 * 


2 828 np N 


wag. od 


— nets 
-d 


= P, 0 A = 


- — 
72 
3 


rod © _— 
_ 
5 . 99 


—— ——— —ñ—-— — 
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8, Required the biquadrate root of 16 —32 25. 
+24x*y*—8x3z3 +4, Anſ. 2x==y, 
9. Extract the biquadrate root of 1601 +96y*z+ 
210% C210 ＋ 81327. Anf. 2j T zx. 
10. Extract the 5* root of 32x5—80x+*+80x3— 
40x* + 10x—1. Auf. 2x—1, 


 PROMISCUOUS EXAMPLES FOR PRACTICE, 


1. Find the ſquare and ſquare root of 4a*x+. - 
Anſ. The ſquare is 16a*x* andthe ſquare root 2ax?, 
2. What is the cube and cube root of 8x3y* ? 
Anſ. The cube g 1247, cube root 205. 
3. Multiply the ſquare root and cube root of 64a 


together. Anſ. 3245, 
4. Required the difference of x+y|* and x—y]*, 
| Anſ. A. 


5. Required the difference of & r and x—2]3. 
Anſ. 6x*z+223, 

6. Find the 4 power and 4 root of 2a*x, 

Anſ. The 4 power 164 ., the 40 root 4 / ax. 

7. What is the quotient of the ſquare of 4a di- 


vided by half its ſquare root? Anuſ. 1G 
8. Multiply the ſquare root of 4a*x*% by three times 
its ſquare. Anſ. 96a5x*®. 
9. What is the 4 power of 24* and the 50 root of 
3225'? An. 16a“ and 2x, 
10. Multiply the fquare of & * by its fquare root. 

a | Au. &. 
11. Divide the 5* power of x* by 10 times its 
ſquare root. An. 1 * 

"Ae = 
12. What is the difference of x*+2x+1 and its 


ſquare root ? n, +. 
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An equation is an expreſſion wherein two quantities 
are declared equal by means of the fign = of equality 
placed between them. 

Thus 5+3=8.1s an equation, denoting that g with 
z added to it equals 8. Alſo, 4—1=3,and 3+2—1=4, 
and 8—2 2 5 , are equations, each denoting that 
the quantity on one ſide the is equal to that an the 
other ſide. | 
| The reſolution of problems is performed by means 

of equations, each equation contains quantities, ſome 
of which are known, that is, their values are given. 
and underſtood, others are unknown, and their values. 
are required to be found. The reduction of an equa · 
tion is a method of managing its terms fo as to get the 
unknown quantity by itſelf on one fide the =. and. 
known ones only on the other; when this is done, the 
value of the unknown quantity is found, for it is 
equal to thoſe which are known. 

A ſimple equation is that which contains the un- 
known _ in is firſt power only. 

Reduction of ſimple equations is performed by the 
following rules. : b 


Vis 1. 
Any quantity may be tranſpoſed, that is, removed 


from one fide of the equation to the other, by chang- 


ing its fign, 


—_— — ” * — — 


rr ' 
and if equals by ſubtracted from — the remainders + 
_ equal==theſe ſelf evident truths being admitted, the reaſon of the 
Wore rule for tranſpoſition will readily appear. 2 


— 


« 2OE% - - E 1 * . ” „ 4 = 
P ˙¼ ⁵˙¹' —⅛ A ˙w.mag . ˙̃ ̃ ²æͤm!; ee en Cir i ond 


2 * 


* 
q 
1 
N 
5 
1 
4 
j 
* 
1 
; 
{ 
1 
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Thus if x=4=2 
Then will x=2+4=6, by tranſpoſing 4 and 
changing its fign from — to +. | 


This being premiſed, 

If the unknown quantity be affirmative, tranſpoſe all 
the known ones which are connected with it, to the 
other ſide, and colle& them into one ſum, which will 

de the anſwer required. 

If the unknown quantity is negative, it muſt be 
tranſpoſed, ſo as to become affirmative, and the known 
quantities tranſpoſed on the other fide, and collected 

EXAMPLES. | 
1. Given x+2—3=4 to find the value of x. 
* - Here x+2==3=4 is given, 
which by tranſpoſing = 
z ͤ becomes. . oper 


and by tranſpoſing +2 } ___ 
it is . "POS ee theta 


which by collecting the Y 

\ known quantities ( ak 

Er Kee —2 £*=5 the anſwer. 
becomes 


— * — 
* * 
- 


3 


For in example 1 tranſpoſing — 3 is nothing more than adding + 
to each fide of the equation; in like manner, tranſpoſing + 2 1s 
the vary ſame as adding — 2 to each fide, thus: | 


The equation is - . . . 1232 EN 
Add — fide — 2-3 thus Pins cm ME 


The ſum is % 4 —2+3=5 the ſame 3: 
2820 | a — iũà—yU — I. xo 
wherefore the rule is evident. fig 2 2 
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2. Given x—3+4—5=6 to find the value of x. 


Here are given x—3+4—;=6 
d tranſpoſing —5 it | 
8 ef : . - bs * 
'-and tranſpoſing +34 . 3 x—3=6b+3—4 
: and by tranſpoling —3 . . z=6+5—4+3 
| Laſtly, by collecting the 
known quantities into a % the anſwer. 
one ſum, we have . 
l 3. Given 2x—4=x+8 to find x. 


Here we have given 2x—4=x+8 
ich bytranſpoſing — 
And by tranſpoſing +8 
we have 


but 2x—x is equal to 3, { x=844 


2 Þi —_w— 7 \ 2 * 4 1 "* 4a 4 
FP, EP RD IO Ru Tr on wm WAY 9, 


2x—a=8+4 


therefore 
That is, by collecting the 


known quantities into S x=12 the anſwer, 
„ 


4. Given x+3=-4=5 to find the value of x. '1 


We ”_ here given x+3—4=5 

hich by tranſpoſin 

8 . of th x+3=5+4 

And tranſpoſing +3 it } _ _ | 
1 * « ? : #=57-4—3 


Laſtly by ſummingup 5 MP | 
* 


” « I +. ” 7 
| 
2 


known quantities, we 
E 


x. Given x—8=2 to find the value of x. 
Anſe #==10. 


174 e * 18 * 3 * bh TO. 
Pro NA ee ˙²˙¹ r re row fs owe nin Ie a er 
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6. Given x+4=25 to find the value of x, 
IP of. x=21, 
7. Given 2x—12=x++2 to finds. Af, x=14, 
8. Given 3x+1=2x-+5 to find x. Anſ. x#=4. 
9. Given.x+8—2=3 to find x, Ai. xz. 
RULE 2“. 


If che unknown quantity be divided by any quantity, 
that diviſor may be taken away, provided you multi- 
ply all the other terms of the equation into it. 


Thus if — =8 
Shay will —— 
And if - Z=43+2 
58 Then will g Es- If 

EXAMPLES. 


x; DIREC Kass to find the value of . 


3 


Firſt, by trampefing 44; we have 6-4. 


And by taking away the divifor,} 
and multiplying the other quan- > x=18=—1 * 
tities 6— 4 into it, 1 $4 

That is, by collecting thekliown Pu 
quantitissss - = x=6 the anſwer. 


— 


* If equal quantities be multüplied into equals, the products 
in X this principle — ko on the above rules 
which is a practical application of it, will be evident. 
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2, Given —=—8+3= 1 to find the value of 1 


Here we have given ——8+3= I 


And by tranſpoſing + 3 LE B=ry 
2 


we BSVe . Lo: xe. 


In like manner by 3 = 
Pesos —8, we ſhall  —=1—3+8 


„ 5 

And 15 e away the 5 
diviſor 2, and multi- 3 
plying all the other —— 
terms into it, we have 


And by collecting the . | 
known quantities . * 12 the anſwer, 


* z. Given 2 * 5 to find x. 


We have here given _—3+4=5; 


7 
And by tranſpoſing g —3 
ri which is equal Led 
to +1, we have 7 


And taking away the di- 
viſor and multiplying 


it into the other term, 
We have. e 


2 5—1 =4 


x=28 


CCl. et. th. . tt Me tn tt ä as _ 1 
"> 


* We- have hitherto tranſpoſed the terms one at a time; but as 
the learner is now ſuppoſed to be tolerably converſant with the 
— it will be better to tranſpoſe all the terms at once, thua, 

if x+4-=54+6=7 then OY I On 


r ͤ Se di a trades hte aa. ate te Et SS 


* | l add £6. , 
rr 
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4. Given 3 87 6 5 A to find x, 
Here, by tranſpoſing all ] 


the known termswhich 2 
are on the firſt ſide of K 


the equation, and ſum- 5=b 
ming them up, we have 


That is 1 = =6 
And king away the di-) 
args 


viſor 8 and multiply- 
ing 6 into it 0-0-0 


5. Given ——3=4 to find the-value of x. | 

| 55 Anſ. x= 
6. Given 7 5 to find x, A. * z. 
7. Given E+5—2=4 to find x, Arſe x=12, 


RULE 3*, 


When the unknown quantity is multiplied into 


any quantit Ys this multiplier may be'taken away, pro- 


vided you divide all the other terms of the equation 


by it. 


Thus if zx+6=9 
Then will x+2=3 by taking away the mul- 


tiplier 3, and dividing the other terms 6 and 9 by it, 


5 — _ —_ 


Like the foregoing rules this agrees with a ſelf-evident prin- 


ciple, namely, . If equals be divided by equals, the quotients vil 
* be equal,” of which > licas 


the rule is a practical application. 
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EXAMPLES. 
r. Given 4x—8=16 to find the value of x. 
Firſt, by tranſpoſing —8 we have 4x=16+8=24 


And dividing by 4 there ariſes x==3=6 the anſwer. 


4 
2. Onnen f Huf do find the value of x. 


ee tranſpoſing +} 


WEE 5 oo oe 


And 3 into 3 
Aud Avery be 


3: Given 25 122 to find x. 


Firſt; * — == 225 
there ariſes . =2+1= 3: 
And multiplying into 
the diviſor of 2x—3 
Then tranſpoſing —3 . . 2x=12+3=15 
Laſtly, dividing by 2. . = A the anſwer, 


DT ROE 


4. Given 2x—2=2.to find the value of æ. 
An. & 2. 


5. Given * to find æ. Anf, æ 20. 


6. Given Kues to finds, Ax. =. 


— 


M 2 


— 


* 
_ o 1 oy = 
44 A LLOE td 3 
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RULE 4*. 


If the unknown quantity be under a radical fign, 
or have a fractional index. Tranſpoſe all the other 
terms, and take away the multiplier or diviſor from 
the unknown quantity (if there are ſuch) by the for- 
mer rules, then involve each ſide to the power denoted 
by the radical ſign or index. 

Note. If the multiplier or diviſor be without the 
radical ſign, they muſt be taken away before the invo- 
lution is made; but' if under the radical ſign, they 
muſt be taken away after the involution. 


EXAMPLES. 
1. Given 2,/x+3=9 to find the value of æ. 
have. fo 90 eee 
And dividing by 2 . . == 
And involving both ſides) | 
to the ſquare to take x=3]* =9:the an, 
off the radical ſign . 


2. Given W. 5g to find a. 
4 
Here, tranſpoſing +5, ; $3/4_g_ 523 
, we get n 4 


And multiplying into 4 312 


— 


# That the like powers of e uantities are equal is true, 
though, perhaps, it will not — Lvident to a learner; in that 
caſe he had better convince himſelf of its truth by involving two 
equal quantities differently expreſſed to their 2d, 3d, &c. powers, 
from which experiment e reaſon of the above rule will be plain. 


kn 
rot 


app. 


SIMPLE EQUATIONS. 


And dividing by 3 z 7 


And by involution to the 


paw. 3. x=4]? =64 the anſ. 


3. Given 4 3x+4=7 to find x. 31 


Firſt, by tranſpoſing +4, } - 5 
we obtain 2 wy . 13 


And involving to the ſquare 3x=3]*=9 


Now dividing by 3 . . «z the anſ. 
| | „ | 


4. Given 4/x—9g=1 to find the value of x. 
| 30 Anſ. x= leo. 
5. Given 4s to find x. Auf. 9. 


* 
6. Given 4/x+1—2=3 to find x, A * 24. 
7. Given Ar —-3 = to find x. Au,. & 24. 


RULE 55. 


If that ſide of the equation which contains the un- 
known quantity be a complete power, extract the 
root of that power on each ſide of the equation. 


Thus, if 4x*=16 

- Then will /4x*=4/ 16 
That 1s 2X=4 | 

. And & 22. 


— — 


That the like roots of equal quantities are equal to each other, 
appears by the foregoing note. 


M 3 
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SIMPLE EQUATIONS. 
- EXAMPLES, 
Given g9x*—3=22 to find the value of x. 


Here, b poſing — 
de e 4% =an+3=25 
And extracting the ſquare a 
root of each ſide the þ 3x=4/25=5 
equation „ 


And by diviſion . „1 the anſ. 
3 
2, Given x* +8=35 to find x. 


_ * tranſpoſing * z 27 


And extracting the cube 
root . co. + + » 
3. Given y*+63+9=64 to find y. 
| Here the ſquare root of y*+6y+9 is y+3 \ 
Therefore we have . . yþ3=4/ 64=38 
And by tranſpoſition . . y=8—3=5 the anſ. 
4. Given x*—;+2=97 to finds. Anſ. x=10, 
5. Given 3x*+2=26 to find x. Anſ. x=2. 
6. Given? — 5 =I to find 7. An. y A. 


„ Vay z the anſ. 


4 | 
7. Given 3x*— 1002320687 to findæ. Ar/. x=327. 


| 
| 
| 
| 
| 


RULE 6“. 


Any analogy or proportion may be converted into 
an equation, by making the product of the two mean 
terms equal to that of the two extremes. 


— 2 — 


Thus 2: 4 :: 6 : 12 7 are propor- N 2X 12 N 6=24 
Alſo, a : 4 :: 26 : 106 donkls and aX Io = N 2b==1cab 
where fore the gule is evident 
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Thus, if 1 5 2262 3 
Then will 3x=5 x6=30 
. * 2 22 210. 


3 
EXAMPLES. 
1 Given 3j: 4: : f 3 to find the value of y, 
Firſt, by multiplying ex- 
— * and means, we f 3X3)=4X5 


| That is gy=20 
And by diviſion #y=22=22 the anſ. 
9 


2. Suppoſe 7 : 4 :: 6 : 7 were given to find the 


value of x, 
Here, by multiplying ex-) 2 
tremes and means, we }— X7=4 X6 
have So TT CT VV S220 3 
That is — 
And multiplying into 14x=72 
Laſtly, dividing by 14 a=Z=5;Z= * 


3. Given 42: 5 :: 14: 7 to find x. 


Here, multiplying ex-] ,__ 
tremes and . _ } * 10 


And dividing by as ——25 821 the and, 


„ 93 


e 
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4. Given 3: 4 :: 4: p to find x. Anſ. x==33, 
5. Giren ©: 4 :: 2: 1 to find æ. Aff. X 131. 
6. Given 2% : 14 :: 4:7 to find x. 

| Anſ. #==16, 


7. Given — : 7 322 to find x. Aus. æ =I. 


RULE 7*, 


If the ſame quantity be on both fides of the equa. 
tion, with the ſame ſign, it may be taken away from 
each; and if every term of an equation be multiplied 
or divided by the ſame quantity, it may be ſtruck out 
of them all. | 


Thus, if 2x+a=3+8, the 4 being on both ſides 
may be taken away, and we have 2x=6 and 78 


Alſo, if axggab—ac 
Then will x=b—c 


| EXAMPLES. 
1, Given 3x+5=4+5 to find x, 
Here + 1 is on both ſides, and may be left out. 


herefore 3x=4 
And. . ; 4 1 L the anſwer. 
5 3 3 


2. Given 4ax—4ab=4ac to find x, 


Here, leaving out the common multiplier 4a, 
We have x—6=c 
And tranſpoſing — . . x=c+6 the anſwer, 


* The rezſok of this rule will appear from the notes on rules 1 and 2. 


SIMPLE EQUATIONS. 


PROMISCUOUS EXAMPLES, 


1. Given 55 + +4=5 to find the value of x. 


Firſt, exo by 55 1 


ve have”. ©. .. Ry 
And multiplying by 2 . 30 


man, +24 . 3x+2x=30—24=6 


hat is - gx=6 


And. 3 


5 
2, Given 5914 12 to find y. 
Firſt, by N 4y— en 


hat is y=26 the anſwer. 


3. Let there be given 21—7x=40—11x to find x. 
IS by tranſpoſition 11x—yx=40—21 


That is 4x=19. 


And x=44 the anſwer. 


4. Let there be given 3z*—10x=x*+2x to find x, 


Fr, 2=—10mad-a © 
That is 2x=12 
And x=b the anſwer. 


5. What is the value of x when 7 =—+4- 
Firft, 25 — 25 * 12 


Alſo, ——— 


r i ad es, 


n 


.—— — — — 
as 
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And 16x+6x= 12x96: 
That is 22x—12x=96 

Or, 19z=96- 

And mg] the anſwer. 


6, Given 2 ee IST" 1 to find 4. 


Firſt, x+ a 
. 2 


And 3x+3+24—2—24= =+6. 
That is 3 — L 29 
2 


Alſo, 10x—4r of 22 | 8 
And S877 


7. Given A7 +5=7 to find x. 


Fir, gers. 
Whence ZN 


And 2xX=12. 
Wherefore x=6 the anſwer. 


8. Let 3x*+4=196 be given to find x. 
Firſt, 3x*=196—4=192 
Alſo, * e 
And N =8$ the anſwer. 


9˙ Given 2 * +4=14 to find x. A. æõ 12. 


SIMPLE EQUATIONS. 131 


10. Given TEL SL Po find x. A. x=24. 


2 
11, Given 40—6z=1 36—14x to find x. 


Anſe. xa. 
12, Given y+12=3y=—4 to find y. Anſ. y =8. 


13. Let += 1 be given to find x, 

Anſ. X=12, 
14. u-! what is y. nf. y=5+ 
15. Given = - . —b=2c to find z, | 


A, Tac TA 
16. Suppoſe 2à — 3 2 , w an == es 
Anſ. x. 


17. Given eee to find x. Anſ. x=81, 


4 collection of eaſy problems, whoſe ſolutions depend on the 
foregoing rules. 
I. What number is that to which 5 being added 
the ſum will be 40 ? 


Let the —_— be denoted } 
by . a 
To which 8 being added, . = 
it becomes A 5 
But by the problem this TK 2 
is onal to 40, therefore 1 * $2240 
And by tranſpoſition #$=40—5;= 3 5 the 
number required. 
2. What number is that from which 8 ſub 
tracted the remainder is 45-2 being 


r eee 7 
n 
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From vhich ſubtracting 8, 8 
it becomes 
E e 15 45 : 
And by tranſpoſition x=45+8=53 the 
number required. 


3. What number is that, which being multiplied 
2 3 with 4 added to the product, the ſum will be 16 ? 


Let the number be denoted 


| Which multiplied into 3 


| & 
To which adding 4, the 1 
And by the problem this 5 
3 to 16, there- 3x+4=16 h 


And by cranſpoſition | . 1 
And by divifien . , . 4 s the num- 
ber required. N 


4. What number is that which being multiplied 
into 4, and the product divided by 5, and if 3 be ſub- 
tracted from the quotient, the remainder is 20 ? | 


Let the number be denoted | | 
R 
: Which multiplied i into 4 18 . 4x 
This product divided by 5 * 
becomes r 


From which ſubtracting 3, . 
the remainder is 13 
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And' this is by the problem ] 4x _ 
equal to 20, wherefore 5 


And by tranſpoſition 3 Fete; 


3220 


And by multiplication - 4x4=115 


number required. 8 
5. What number is that to which 4 being added, f 
and the ſum divided by 6, the quotient is 12? | 
Let the number be repre- - [ 
1 © by - = = - - - 8 

o which adding 4, it be- 
come *+4 


This ſum divided by 6 is 4 


Which, by the problem, is x " "of | 
equal to 12, that is 1 2 

And by multiplication - - - x+4=72 

And by tranſpoſition - - - x=72—4=68 the 
number required. | 


6. What number is that from which 9g being ſub- 
trafted, and the remainder multiplied into 11, the 
product is 121? 

Let the number be repre- 
From which 9g being ſub- 
tracted, it becomes - = 1 
on wy es into 11 is - 11Xx 
ich, by the problem, is —_ 
equal to 141, that is Jux Shan; 
N. 


| 


2 = . 
— — — 
- o * - - ” BW 


| and 10 added to the product, the ſum is 46, 
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This divided by 11 is on 

* | ; 61 i 
And by tranſpoſition - - - x=11+9g=20 the 
number required, . 

7. A man being aſked his age replied thus, if 3 
times the ſquare root of my age be ſubtracted from zo, 
the remainder is 12, what was his age? 


Let his age be denoted by - x 
Ihen will z times its ſquare 
root bte =,- 3 
This ſubtracted from 30 is - 30—34/x 
Which, by the problem, is We 0 
equal to 12, wherefore þ 30—3,/x=12 


we have "i 
And by tranſpeſition - '- - 30—12=34/x 
That is - 3 18 


And by diviſion - a= =6 


Whence by involution - - x=6*=36. the anſ. 


8. What number is that to which 12 being added, 
and 8 ſubtracted from this ſum, the remainder is 30? 
This is done like prob. 1 and 2. Anſ. 20. 


9. Required a number which if multiplied into 4, 


Done like prob. 3. Anſ. 9. 
10. Find a number which being divided by 6, with 


2 ſubtracted from the quotient, the remainder is 2. 


Dane like prob. 4 nearly. * N Am,. 24 

11. A man being aſked how many ſhillings he had, 

anſwered, add 15 to their number, then ſubtract : 

from this ſum, and the remainder will be 64, how 

many had ke ? | FS Anſ. 50. 
Done like prob. I and 2. | : 


mY 


e 
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12. Take 4 years from my age, multiply the re- 


mainder into 5, and the product will be 165, how 


old am I? Anſe 37 years, 
Done like prob. 6. 


13. There is a field to which 8 acres being added, 
and the ſum divided by 9, the quotient is 3, how 
many acres does the field contain ? Anſ/.” 19 acres, 
_ Donelike prob. 5. 


14. In an- orchard + of the trees bear apples, + 


_ pears, Fr plumbs, and 81 cherries, how many trees 


are there, and how many of each ſort ? 


Let the number of trees be denoted by x 
Then will $, viz. thoſe which 2 * 
4 


apples be p 
And + part, or the number of pear} x 
tRhes- = ono nn nn FT 
And r, or the number of plumbs 2 
8 te 1 | 11 
- Allo the Herres 82 
Theſe added together will | & 


of trees in the orchard, {4 5 1 
| VIZ, —U—U—U— - = 2 << - - | 


And multiplying by . . +E+=+ 324=4x 
11 | 


give the whole number l 
I 


Ditto by SFA HN Gao 20 
. 


Ditto by 11 - - 55x+44x+40x+17820=220x 
Which, by addition and tranſpo- 


ſing, becomes : SK =I 7820- 


*”., _ 


——— ' — ne rw 
- 


| 


the firſt? 


2 of the ſum will be 66? 
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And by diviſion - - - » « - = 0 


the number of trees required. 
| Alſo, 72 8 apple trees 


And 7 pear trees 
And 2 =442=40 plumbs 
3 {Ip © | 
FA And - » - - - 81 cherries 
220 proof. 


0 — — 


16. In a certain ſchool 4 of the boys learn ma- 
thematics, 4 ſtudy the claſſics, and 6 learn book. 
keeping, what number of ſcholars are there 1 1 
« © 120, 
16. J have ordered my brewer to mix a quantity of 
beer for my uſe, 4 of it is to be porter, 3 E A and 85 
gallons of table beer, what quantity am I to have in 
the whole ? | | Aus. 120 gallons, 
17. An eſtate conſiſts of 4 woodland, 3 paſture, 
and 105 acres in pleafure grounds, gardens, and or- 
chards, how many 'acres does it contain, and what 
the eſtate worth at 10 guineas and a half per acre? 
| Anſ. 630 acres, . and its value Z6945. 15s. 
18. After paying away Z and 4 of my money | 
found 22 guineas in my purſe, how many had I at 
a | Anf. 40. 


19. What number is that to which 10 being added 
Let the number be called - x 


To which adding 10, it be- 
WS a> >= 1e 


EASY PROBLEMS. L37. 


2 of this ſum is 3 Xx-+100r 7.32 


5 5 
- Which, by the prob. is equal } 3x+30 _ 66. 
oder Aras ith Ye Den 
This reduced gives - - - - x=100 the number 
required. 


20. A ſervant maid having received a legacy, ex- 


| 2 £20. in cloaths, and ſmall preſents amon 


r poor relations, and ſent £108. which was 
the remainder, to the bank, what was the legacy ? _ 
; | An. £ 140. 
21. Bought ſheep for £60. calves for £20. and pigs 
for £5. and laid out £3. which was 4 of what I had 
left in neceſſary expences, how much money did 1 


carry to market ? Ans. £88. 125, 


22, Of a piece of metal 4 plus 24 ounces is braſs, 
and à minus 42 ounces copper, what is the weight of 
the piece? | | , | 
Let the weight of the 1 
bee 4 


Then will the weight of the } x 
. ira be << => vo gon #4 


And the weight of the copper 242 


4 
Theſe added together are J za 8 
equal to the whole piece, }=+= +24—g2=x 
4 3 4 
| Or, Ai 
Whi | | | 
5 1-16 ounces, the 
weight required, | 


a ” 
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The weight of the braſs is . +24= 96 oz, 


And thes of the copper 3 — 42 — = 2 4 10 02. 


The whole piece =2 — 


25. A farmer mines a quantity of corn, minus 
20 buſhels is barley, and + plus 36 buſhels oats, how 
many buſhels are there in the whole, and of each ſort ? 


«AE 28 bufh. of | barley, 68 oats, and 99 buſh. in 
whole 


24. of a detachment of ſoldiers 3 are on no 
duty, 3 fick, 3 of the remainder abſent on leave, an 
there are 380 officers, n the number of men in 
the detachment ? 


Let the number of men be denoted by - x 
Then 5 on duty and 3 fick, that is E+E 


5 
Theſe reduced to a com. denom. and } 21x 
added are - - - © 40 


3 of the remainder is 4 of a—2E oF 4X2 

7 40 

Which, by reduction, is - . 1% the number 
200 : 


of abſentees. 
Whence, by the problem, 75 1225 2 380 


Which, by reduction, gives — oP the num- 
ber required, 


gox—21x 


SS 8E 


SES RE 
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23. A r leſt his ſon a 6 onions, } of which 
* * f — I e the 
be Ballon , at the end of w 142 pounds 

how: much was lee hims by N 

4. 1 1136. 
26. A ſheepfold was robbed three nights ſucceſſively, 
the firſt night were taken 4 and 2 ſheep more, the ſe- 
cond night + wanting 2 ſheep, and the third night 10 
were ſtolen, after which it was foynd that 4 of the - 

whole flock remained, what number did it coat ot? 
A. 100. 
27. A having ſtole apples in a farmer's or- 
41 2 by a ſervant who took half what he 
had; ſoon after another met him and took away half 
the remainder; laſtly, the farmer ſees him, from 
whom he erke has bo on Teſt Bow behind, and 
getting clear off he has but one left, many had he 


at füt? 4. 44. 


28. Divide 15% into 5 parts, in the mtg 5 gan 


Let the firſt be denoted by - 
Then will the other part be 150—x 
And by the problem : 150—x : 7:8 
And by multiplying ex- 
tremes and means, we þ 84=1050—7x 


harre 


That is by trapſpoſition - = =, Ig#=1050 


part, 
Conſequently = - 1 — 
the other part. 


29. Divide £1234. between A and B, ſo that A's 
ſhare may be to B's as 3 to 2. 


Anſ. A's ſhare £ 740, 85, B's £493. 125. 


3 
- 
' 


| end of the 
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30. Two, perſons buy a ſhip which coſt £854. now 
the ſum paid by A is to that paid by B, 1 to. 7, 


what ſum did each contribute? 


Al. A paid £480. 75. 6d. BL 373. 125, 69. 
311 A and B by trading together gain C100. of 


_ which A has 5 5. and B £45. now their joint ſtock in 


the beginning was £220.. how much of this did each 
Tard, | | Au. A put in £121. B 9. 
32. A man OY the leaſe of a houſe, for which 
he agreed to pay as follows, 4 of the money on taking 
poſſeſſion; 3 within two years after, and C2 50. at the 
fourth year: hang ſum did he pay in all? 

As. boo. 

33. At a certain election 548 perſons voted, and 
the ſucceſsful candidate had a majority of 130, how 


many voted-for each? An. 339 and 209 reſpeCtively, 


2.34 There is a fiſh whoſe tail weighs glb. his head 


| weighs as much as his tail and half his body, and his - 


body weighs as much as his head and his tail, what is 
the SE of the fiſh ? 


Let the weight of his body be x 


Then will that of his head be —+9 
And by the latter part of 
the problem — - - n=Z49+9 
body. 9 5 the weight 


Theſe added we have nals for the wt, 
eiue on. W F — 


= 


<Q a -» 
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: Suppo oe the head of a fiſh to be g inches lo 
a Vis tail as long as his head and half his body, — 
his body as long as his head and tail together, required 
the length of the fiſh ? Anf. 40 inches. 


36. Divide the number 360 into 3 parts, that are 
to each other as 3, 4, and 5 reſpeCtively. | 


Let the firſt part be denoted by 3x 
Then will the ſecond be- 4x 
And the third - - - - » g 
And theſe added together Þ 

will, by the problem, whiz 
equal 360, that is 
Whence - - - x=30 

Conſequently therfirſt part - 3x= 90 
And the ſecond, or - - - 4x=120 
And the third, or . - - $X=150 | 


360 the proof, 
— 


37. A's age is double of B's, and B's is treble of 
C's, and the ſum of all their ages is 70, what is the 
age of each? A. A's 42 years, B's 21, and C's 7. 


38. Four perſons rent a coal mine for 8 go. per 
annum, now ſuppoſing their reſpective ſhares in it to 
be as the riumbers 1, 2, 3, and 4, how much of the 
yearly rent muſt each pay ? | 


Anſ. A pays £850. Bj 1700. C25 50. and D £3400. 


39. From London to Berwick is -accounted 33s 
miles; now if a courier ſets out from each of t 

places at the ſame time, and travels towards the other ; 
the firſt at the rate of 4 miles an hour, and the other 
at 2, in what time will they meet? Au 67 hour. 
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450. Several perſons betted a horſe race, A loſt £40, 
but B won a ſum, which, if ſquared, and 100 ſub- 
tracted from the ſquare, dividing the remainder by p, 
and ſubtracting 20 from the quotient, he could make 

up A's loſs and be Z 100. in pocket, what ſum did B 
„„ | | Anſ. £32. 


REDUCTION or EQUATIONS containing two un- 
5 Lubcaun quantities. 
| | RULE 1. a. \ 


Find the value of that quantity which is leaſt in- 
volved in each of the equations, by the preceding 
methods. | | = | 

Put the two values thus found, equal to each other; 
this equation will contain but one unknown quantity, 
whoſe value may be found as before,  _- 


_— LE ] 


2 ie 7 3 8 EXAMPLES. 

1, Given CO e to 2 the values of x 

12— 35 
* 


5 1 8 | * i 
2 2 Ae 1 1 ſu 
'X 


From the firſt equation we have x= 


WW, Here we find the value of x in each equation; the firſt is 
12=22, and the ſecond 5729 ; theſe being each equal to x are 
3 . — : 
equal to one another, and conſtitute a new equation, containing only 
one unknown quantity y, whcſe value is found eaſily enough; the 
value of x is obtained by ſubſtituting 6 in the lice of 3y, (y 

being found a) by which means , the value of x, becomes 
. p R 1 * : 2 ; 


1 22 


2=6=4;/this might have been done by uſing the ſecond value 


«| 2 


* 


57 


containing two unknown quantities ties, 


And from the ſecond — -- == 
Theſe ti being equal to the ſame, (viz, 


to x) they are equal to one another, that is 
—_ — 


That is, by mult 3 10+4y=36—9y 
Whence, by tra © ofition and diviſion y=2 


And r 0 = 
* 1 


„„ 
2. Given ſ =? to find x and y. Aus 
From the firſt equation - - x=9—y 
And from the ſecond - - LN 
That is, by multiplication -  27—3y3=7+2y 
And by tranſpoſition - - - 20=5y 
| Whence - = y=4 | 3 -þ 
And z=9—y=9—4=5- 
In theſe examples the operation may be proved by 


3 inſtead of the unknown dunntities, nou 
values in the given equations. 


Thus x+ y= becomes 5+4= | 
And — becomes Alu ** 


— — — 


—ͤ— 


— 


— 5 which, by ſubſtituting for 2y it n 45 becomes 574 
= 9 ſams as before. 


From cee 


f And from the ſecond e=24—2 
* e F 
in tl 
And by multiplying 42—2y= N | 2 
| Alfo - 1 84 451 7 — . quan 
| Whenee, by — . tain 

| Andy=2P=12 
3 5 
| And x=14—Y 2 =14—==14—8=6, I, 
5 3 
eis 4 
x+y=1 

4. Give 2 57 d- 

From the equation — 

And from? the anatogy - « #=3y 
- © Therefore-- - - - - —_ 16=23=35 

Whence, by e eee 4y=16 ( a 
FR 9 . . N | | F. 


+ Given . and 1 wo hols 
A.. _ y=5: 

6. Given ex+3y=31 and 4x— 212 to find x 
and. y. : Be x=8, 5. 


Nu unkabron quantitics. ith 45 
J Given 3*+45=38 and 820 to find * 


8 Given ien and 4 to — 
and s. 24 w= 


9. Gina 4 mts 9 43 . 
and y. A 18 y=9. 
ELIE. 


Find the value of one of the unknown quantities 
in that equation Where it is leaft involved. 

Subſtitute the value thus found,” inſtead of that 
quantity, in the other equation, which will then con- 
tain but one 8 8 to "ve tound as before, 


„ 


* 


1. Given 924 } to find x andy. 


From the firſt equation . x=8—y 
And 2x=16—2y 
This ſubſtituted for 2+in the Soond « equation 
there ariſes 7.” .* . .' . . 16=2y+35=19 
os That is . . y=19—16=3 
- And .* «© *» x=8—y= =8—3=5 


5 bl 


From the firſt equation ——— 


And 4a=qx1=V— = =14—by 


Subſtituting this e for its chu! 4x in che 8. 
_ EI we _ 14—by—5;y=3 


— 
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| Whence, by tranſpoſition 11y=rt 
nſequently y=r _. - | 
And FEAT nmr ee, JE, — | 


2 1 
3. Given 2 to find x and . 


From the firſt equation. TI 1 

And therefore 3æ g N25 1—6 

This value 3 127 13 

zx in the ſecond equa- i $ 6 

53 

Which, n is 27 849 

l. . y=f 
Whence, alſo, #=17—2=17—14=3: 


| a x+z=B 
4. Given 1 372 I to find æ. and . 
From the equation = * = | 
This ſubſtituted for x in 3: 
the analogy, we have . [9-2 7 74 1 
And multiplying extremes 
That is. 45 28 
And +: » y=2 
Whence . . z=8—y=8—2=6, 


«hs Given an b and 4x+33= =22 to find x and). 
An. x=4. y=2, 
6. n 3 J—Z=1 3 and 3z—y=9 to find y and 2. 


AA. y 6. w= 
7. 6 80 and x ::: 5: 2 to find s 
. Asi. #==200. 40. 


8. Given += =12 and y+— =g to find x and y, 
4 1 * 10. A- 


% unknown quantities, © M 
Multiply or divide the given equations by ſuch a 


quantity, as will make the coefficient of one of. the un- 


known quantities the ſame in both“. 


Then by adding or ſubtracting the equations, as 


the caſe may require, there will ariſe a new equation 


with only one unknown quantity. 


EXAMPLES, 


1, Given 1 3*+29=23 | 
1. Given | — to find x and y. 
The firſt equation multi- 
plied into 4.is . 


„ 
Aud the ſecond multiplied 


into 333 124—21y=63- 
Subtract in order to exter- . 
minate x, and we have. {| . 


Therefore y=1- 
In like manner to exterminate y we multiply the 
firſt equation into 7, and'tlie ſecond” into 2,. 
and thence ariſes 
21x-+14y=161 
8x—14y= 42 


Now to exterminate e 
muſt add theſe equations  29x=203 
together, Mo > We | 

And . » x29 =7 


— 


* Tf the firſt equation be multiplied into the coefficient of the 
m_—_ exterminate in the ſecond, and the ſecond into 
— of of that quantity in the firſt ; the coefficients cf the 
quantity to be exterminated will be the ſame in both the reſulting 


equations. 
O 2 
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2. Given Je 
2. Given ng? to e 
Multiply the ſecond eq. into 3. and it 
will give 3x+6y=42 
Now ſubtract the firſt eq. from this laſt, 
and there remains y=2 
And from eq. 2. 3 14—4 10. 


3. Given Igtrb! to find y and a. 


Mukiply the firſt eq. into 3, and the fecond into 
5, and there will ariſe . . 187 g&=279 
"208 And 2 — | 


* 19414 


Cd ai of theſe 
from the latter, and there 1 1 
0 IG +, + = 0 - — — 
EE And II 


hence N = I = * 


4: Given We: > "Ft to find yand x. 


— 
3: 4 
Here, dviding the firſt eq, by 3, and the ſecond 
by 2, we have 
89388 
LET, 


teu unknown quantities. „ 


SubtraR the latter of theſe CET 
from the former and . J 14 10 9 26 


That is * 1 


10 9 20 


| And 8 . 10z+12z=2122 12 
9. 3 


That is . 5 | 
Or: = 66z=40—18=22 
And 9 9 „ — nd, 

_ = 66 3 


Allo, j= 2—Z (from eq. 1)- e =+_ 


5 5 * 


—_ 0. * | 
W —— . | 9 


2 
5. Given n rf IE ARR 
: | All. rA. 22. 


6. Given 3 and 5y—4z=7 to find yand æ. 
A. „ =3. x2. 


3 Given "2458 and 7 . 


Anſ. x==12. . y=6, 


8. Given 8x+7y=259 and 7x—8y==43 to find x 
and y. „ 21. 5213. 


9. Given He and ==! to find 


3 
* and. * | A. K =. y= 


Cs» 


160 -PROBLEMS h 
PROBLEM S invplving two unknown quantities. 
1. What two numbers are thoſe whoſe ſum is 20 
and difference 12. a 
| The ſolution by rule 1. 5 
Let the greater number be 
"as called „„ + 4 + 6 „46 „ Fad 
And the lefs n 9 7 
Then will their ſum be . . a+z==20 
And their difference , . x—y4z=12 : 
From the firſt of theſe 2 + FSAI0—P 
And from the ſecond . . . x=12+y 
Wherefore.. : - ./« „ . - =12+z 
Which, by 3 gives 2y==8 


Whence x=12+y=12+4=16 
Their ſum will be as before .x+zz=20 
And their difference . . . . ax—y=12 
And from the firſt eq. . . x=20—y 
This value fubſtituted for. x 8 
in the ſecond equation, } 20—4—y=12 
Will give e bs 
"THC" + +» » «+ + + A S0—2g0=12 © 
Wherefore 2 4 » 1 * + „35 2y=20—12=8 
BIG And „ 24. . th 
Conſequently x= 20—y=20—4=16 


y” 
© 

9 — — 2 
. * | Fj : L + 7 


Every problem that is truly limited muſt have as many con- 
ditions (or equations) independent of each other as there are un- 
known quantities to be determined, and no more. c- 

If the conditions of a problem are fewer in number than the 
unknown quantities, that problem is ſaid to be indeterminate, and 
admits of ſeveral anſwers; but if there are more conditions than 
unknown quantities, the problem is either impoſſible, or the con- 
ditions are deducible from each other, and one or more of them EY 
ſuperfluous, | 


two unknown gquantitier. —_ 


The fame by rule 3. R 
Becauſe . . ... #Ty=z0 By 
* 4.45 


| By addin and x=16 6 
And by 5 EATS, 2y= A Ind J=4 


The ſolution mey likewiſe be performed by making 


uſe of one unknown uantity only, according to the 
four following =} - 


Firſt method. 


Let the greater number be. x 
Then will the leis be . . + 20—x g 
And their difference 23 6 „ 20 4-14 
But by the prob, the differ- | 
ence of The numbers is © 2x—20=12 
12, Wherefore ... . . 
«© 4 + + + 0 « 2422013232. 
ore , » » x=16= the greater | 
And N p 20—#=20—16= =4= leſs. | 
Second method, i {i 
Let the G number as }- | 
befoke ue he diff is * 
Then beca the . 4 
12, the lefs will be. 12 


And the ſum of theſe by the . 
prob. is 20, therefore — 12 20 


1 — lr the gfenter 


And #—12=16—12=45= the lefs, 


Third method. 
R 2, 
will the greater be.. 20—y 
Tad an dener . +» . 20—2y” 


— 


„ © PROBLEMS involving 
Which, by the prob. is 12, 20—2=12 


therefore D 
And by tranſpoſition, &c. . y=4= the leſs.” 


_ 5 95 te the greater. 
Fourth method. | 


Let the leſs number as be- 
ene 7 
25 Then will the greater be . » y+12 


And their ſum BACPE 2y+12 
Which b rob. 
J * 4 = 1 . 2+ : 2— 


From whence SS the leſs 
And y+12=4+12=16 the greater, 


*. What two u are thoſe whoſe ſum is 100, 
and three times the leſs taken from twice the greater, 
leaves 150 remainder ? - 


Let the greater number be. * 
And the leſsos 


* 
* er el one 


And the ſecond lt 180 
And to ſolve this rule | nd 


1, we have from the firſt #2100—y 


” dp it Fel a 
Apron the font + ig 


» 


— 


* All — —— in prob. 1 may be applied in this and many 
the foll problems ; the learner ſhould exerciſe himſelf we 
ae — ods, as it will be neceſſary for him to know which 


1 purpoſe, 9 


5 58. 


Where fore. re- 


And „„ 6 „4 „66 — 
e 


3. A bankrupt owed two creditors £140. now the- 
2 to the leſs as 3 to 2, what ſum was 
to | 


Let 6 72: the grantr debs and y = the leſs 
Then « 140 
And 2271 0 1 by the problem 


Whence 2x=3y and — 
And ſubſtituting this vatuefor's in eg. 1, 
we have 2 814 
That is 3j ＋ C2280 
or a0, whence ee les 
And S the greater. 


4. A Gentleman being aſked the age of his 2 ſons;. 
replied that if to the ſum. of their rages 3 be added, 
this ſum will be double the age eldeſt ; but if 


8. be taken from the difference WP; their ages the re- 


mainder will be that of the youngeſt, required the age 
of each ? 


Let x = the age of the eldeſt andy = that of the 


_ 
+ oy x+3Þ+2 ==} by the prob. 


4 


180. PROBLEMS invelving- 


_Whohes x=y+2 . r. 
And x=2y+8 from eq. 2. 

hberefore y+25=2y+8. 

And if and = (2 d=) 42. 


5. Divide Co. between A and B; ſo that the dif 
ference between A's ſhare and 31 may be to the dif. 
ſerence of 31 and B's ſhare as 6 to 7. 


Mt = pO ore andy 2 BY 


Then & | 
And a—3r : . 10 % by the prob. 


That is (—31 * 
186—by 
2 7 0 6 00 2 
| Allo 9+£3SD — 
Whence v - =) 


6. Ca two. forts of wine, which equally 
mixed will be worth 25s. 64. a quart; but if 3 quarts. 
of the beſt be mixed with 5 quarts.of the other, the 
mixture will be worth but 245. 424 per quart, what is 
the Knee of each.ſart? 


Gn Let += tlie price of the beſt fort. 
Andy that of the worſt 


Then me = (= the price of a quart equally: 
I wired) 85 (the halfpence i in 25, 6d.) 
2 Alſo ES (= the pr. of a. qt. by the latter: 


* =57 (the balfpence in 25. 44.) 
Whence l from eq. 1. 


0 
x5, 


x 


rue unknown quantities, 115 
e 2. 


Therefore 2 eee 
From which y=48 ( ce) = 2 ſhillings 
And x(Zi20—y)=72 3 ſhillings. 


- 7. Two men agree to buy a houſe for £ 1200, fays 
A to B give me 4 of your money, and I ſhall be able 
to purchaſe it: no, ſays B, rather give me à of your's, 

I can purchaſe it—how much money had each ? 


Let x=A's money, B' 
Then will g | 


by the problem 
And a 94 3+Z=1200 N 


2 


Whence a=1200—Z from eq. I 


And e from eq. 2. * 1 


Therefore 1200 = 
5 


From which FS 
And #(Z1200—2 I} foo 


8. What fraction is that, to the numerator of which 
1 being added the value will be 4, but if 1 be added 
20 the denominator its value will be 2? 


. 


180 PROBLEMS D 
Then will SSC ew 

7 
e 
222. zT 


From eq 
"This fubſtiruted for in eq. 1 
4 2076 ....--.-. II 


And by wales . . . 4 4 
herefore . . a=4 the numerator 


And y=zx+3=12+353=r5 the denominator , 
Therefore the fraftion == the anſwer. 


2 
For 4 = 


9. What two TEL are thoſe nene is 
4, and 5 times ON OT ARA G, as 9 
to 4? | 


Let che mymbers be refer. zand ; 
tive 9 
Then will their difference : x—y=4 
2 2 r: 

And multi extremes-and 
means, — have . e 
But from the firſt eq. a ENA 
And by ſubſtituting how. ++! 


And 3 3 
Conſequentiy is. 


- - 7 4 


ES "ww EO OE ONE» 1 9 TY 
5 "Whit to pune tl 010 fm 13 


difference 87 , to and 2. 


11. What two. numbers 1 are thoſe whoſe difference : 


is 9,. and if 3 times the greater be added to 5 times 
the leſs, the-ſum is 35? yy A id and 1. 


12. What two numbers are thoſe whoſe ſum is 20, EY | 
and if from z times the greater, 5 times the leſs be 
ſubtracted, the remainder is 45 A, 13 and 7. 


13. There are two numbers ſuch that & of the 


1288 added to J of the leſs is 13, and if the leſs 


taken from 4 the greater, the remainder i is nothing, 


what are the numbers 7 An. 18 and 12. 


14. Says AW en me 5 thillhugs of your 
And T fall have twice as much as you: will have! 


ſays B rather give me 5 of your ſhillings, and 1 ſhall 


have 3 tines as much i you will have left, what had 


| eng? 3 


n Divide {200 between A and B, fo that A 
have £73: more than B. IF * L136. +>, 
+ £ 03» 105. 
16, Divide [48. ewe A . B, ſo that A's 
| 99 to B's, as 7 to 5. Arſe A*s ſhare 28. B*s{20. 
N ntleman left £242. between two perſons, 
whole e ſhares therein were to be as 3; to; 55 
how much muſt each ave 1 
A, One C144. the other C96. 
18. What 2 numbers are thoſe whoſe ſum is 10, 
and if half the leſs be ſubtracted from twice theigreater, 
the remainder will likewiſe be 40? Aw. G and 4. 


19 H 2 eds are worth y ſheep, and g cows and 


9 75 W coſt 41 pounds, what is the value of 
each? 


— 


— 


n A ſheep Cx. 


— II 
* 


— — ——— — j 
N « * 


f each? 


7 


156 EQUATIONS containing . 


20. In the reign of Edward the ſixth a barrel of 
beer was worth 24 loaves, and a barrel and a half of 
beer and 12 loaves coſt 12 pence, what was the price 

A. A bar. of beer 04. 
3 | A loaf 24. 
21. Bought 2 pieces of cloth, one of which mea- 
ſured 7 yards, the other 5; now the firſt piece, with 
one yard of the ſecond, coſt 68 ſhillings; and the 
ſecond, with one yard of the firſt, coſt the ſame, re- 
quired the value of each per yard? | 
e vis  Anf. 85. per yd. the firſt, 
| N 121. .. the ſecond. 
22. In the year 1299, 3 fat oxen and 6 ſheep toge- 
ther coſt 79 ſhillings, and the price of an ox exceeded 
the price of 12 ſheep by 10 ſhillings, required the.va- 
luc of each? An. An ox 24 ſhillings, 
| | 5 A ſheep 15. 24. 


* REDUCTION or EQUATIONS containing three 


- unknown quantities. 
\ b 


RULE, 


1. Let x, y, and æ be the three unknown quantities, 

2. Find the value of x in each of the equations. V 

3. Put the value of x in the firſt equation equal to th 
value of x in the ſecond, and a new equation 

will be formed, having only two unknown quan- 

tities y and x. | BIS... 

4. In like manner put the value of æ in the firſt equa- 
tion equal to the value of x in the third, and a 

ſecond new equation will be formed having only - 


two unknown quantities y and x. 


5. Find the values of y and æ from theſe two new © 


equations by the preceding rules, from whence 
_ the value of x may likewiſe be obtained. 


_- three unknown quantities, | 159 


- EXAMPLES, | 2 
x+,y+ 2 =9 | : | 

1. Given F hee ft th values of 
* 33 


From the firſt 
. From the * x=16—2y—3z 
From the thicd .. . =3—y+2 © 
And the firſt new Y: is 9 = 16—2— 
And the ſecond . S Sir 
From the firſt new eg J=J—2% 
Aud from the ſecond . z=2 
Wbence. . y(=7—2z)=3 
And. .. 9 - E44 
BY (x +, + T =29 | | . 
x + Giren ) T | to find x, , and x. 
— 20 21 2 | h 
From the firſt.” a=2 g—_— INS f 
From the ſecond X=62—27—32 | : 
From the third . D 2 


| Whence he ft ew e- 
And the ſecond , , ... . 


Now from the firſt new eq. y=33—2%8 
And from the ſecond a : 


Whence N and 212 | ] 


And y(=33—22)=9. 
Allo (=ag——=)=8. | 
wot P 2 


1%; ADRATIC EQUATIONS. 


3. Given = 4 , and Ys 
£ | —vF=19. to find *, J, and &. | 

. r t. 

*4. Given = x+4y+5z=52, and 

9 | > 4210 I=3 W. 


[ AFFECTED QUADRATIO EQUATIONS. 


| FAn affected quadratic equation is that TE con · 
Vins the ſquare of the unknown quantity in * term, 
and its firſt power in another. 


111 6. a.” 4. 1 1. 1 PI 8 


— * * 2 8 4 — 


| | We... Any number of unknown n gr + be e by 
a method nearly ſimĩlar io the ert are often ſhorter 
and more eaſy methods which will be learned from praQice, 


the great im 3 of a z about 2 * ye 1600, to di 
equations w Rich involv — "are Y different powers * 
the unknown nie, on ron. oth ers ro which contain the higheſt 
Power only, and are&therefors 

Dr. Hutton Hs the NI equations, which name, 


as Baron Maſeres juſtly. obſerves, is very >. ro and * obſcure 


ractiſed b Lucas de Bur wrote in 1496. . And the 

F — on ehr | is Founded may be thus exptathta after the 
manner of others. X 

« The ſquare-rovt” of any | uantity being either + or =, all 

d quadritic equations admit of two ſolutions, thus, the ſquare 

«<< root of 1* igelther A or =», for nx +» and — = is 

« each equal to L. But the ſquare root of —»2 ; that js, 


_ OR — 


„ 42. And this amtiguity is expreſſed by uncer- 


| | | | 22 th b LATE, 
| % — either of them e nt itſelf, a produce 
1 y writing 

, 6 


« In 


+ The term affefed 4 Fo — was firſt 1 odeced by iter 
ingu 


than that of aff:Fed e h 17110 
This weib of reſo Ving del quadratic 4 was known 


44% is * A as neither nor *.. will 


— 


QUADRATIC EQUATIONS. 161 


ugg are three forms of affected quadratic equa- 
as follow * 


| Firſt form. * ar 
1 Second form x W 1 
Third form x*—ax=—b. 


The value of the unknown quantity in each of theſe 
is found by the following. 


mY = 


* 


« Tn this form the Gif value of + vis. Tu | 
4 always affirmative; for —— N is 12 80 than 322, the 
1 greateſt ſquare muſt neceſſarily habe the greateſt, ſquare. root; 
« therefore ze will. always be greater than / lan, or its. 


i equal $a; and conſequently +/FfJo—qo will always be 


« The ſecond value of x, vis. Een always be nega- _ 
« tive, becauſe. it is compoſed of of two pages terms. Therefores 


4% when x2 Carb we ſhall have TJ T- for the 
« affirmative value of x, and for the negative 


« value of x. 


In the ſecond form where . t. the firſt va⸗ 


« jue, viz. Nele, is always. affirmative, being 
T compoſed of tw of two affirmative- terms. The ſecond value; viz 


« q le, will always be negative, for ſince AM 
« is greater than 22, ANA Jaa will be greater than / 32, or than 
«. its equal Jo; conſequently N= is negative; there- 
« fore we have Y ia, for the affirmative value of. 
es £3 and . for the negative value of x; ſo that 


| 6 in both the firſt and ſecond forms, the unknown quantity has; 


% always two values, one poſitive and the other negative, 

e In the third form, where f/ LIN. both the va 

« lues of x will be affirmative, ſuppoſing Jan is greater than &. 

« For the firſt value, vis. r 

« being compoſed of two affirmative terms. 
„% The ſecond value, viz. x=—y/ 4 is affirmatiye- 

«alſo; for hace Jo®'s greater than b. . r or its, | 


: P 3 


1 
| 
k 
| 


162 _—_— EQUATIONS 


: - N *7 : 
© on "4 44S —_— 1. - — # A && + UL 
| : mY 8. 


2 


* Tranſpoſe all the terms. which CARY the jr Barr 
quantity, to one "fide of the equation, and the 
known terms to the other; and let ” terms 

which contain the unknown quantity, be ranged 
according to their dimentions, as in the above 
forms. % 

2. Divide all the terms of the equation by the coeffi- 

Client of the ſquare of the unknown quantity. 

3. Add che ſquare. of half the coefficient of the un- 
known quantity in the ſecond term to both ſides 
of the equation, and that fide which contains the 
"unknown n will be a complete ſquare. 


* 2 


1 of =e — 


_ 


* 


44-equal Jai is 83 * . 
«« will always be affirmative, Therefore, when — we 
4 ſhall have N De, and PO 9 IN being 
10 both affirmative values of x. 
* ut in this third form if & be greater a4, the ſolution 
4 of the propoſed problem wift be im ae Far ſince ods 
(whether thatquantity be 3 1 or ne 19 75 
is al _ affirmative, the ſquare root of 1 — — 
«« impoſſible, and cannot be aſſigned. But if | 
40 Jo? „ then ee is negative, therefore / /Jaa—b is impoſlible, 
« or imagina gnſequently, in this caſe, where en 
4 2 Toa the roots, or values of x are impoſſible or ima 
E likewiſe be — that though both roots anſwer the 
Ugedgaic conditions of a problem, and in the application of algebra 
to geometry, both have a preciſe aud determinate 12 — in 
the ſolution of 2 numerical problem the affirmative, rogt 
be cen as the rue anſwer, the negative ropt bein only mw ug. (except 
8 few rb ipftances) uſeleſs. A oO, of the two a afmative 
rents in the third form, one only Foe Sante hays be the 
true anſwer, which will be pointed gut ws and ligpi-: 
of. the problem 8 — — yon. When the roots ae 


bl r thar.the obl em or 
3 robin 1 it ts eon. 


Ling 
* 


＋ 
— 


QUADRATIC EQUATIONS. 165 


4. Extract the ſquare root of both ſides of the equa- 
tion, making that of the known fide both + 


and —. 
5. Tranſpoſe the known part from the firſt fide, and 
the yalge of the unknown quantity will be — 


EXAMPLES, | 
1. Given OY to find the value of „ 


Tic #*+8x4+16(=33+16)=49, + 
© Soenily; ee 4g 


Thirty, WS 
Fourthly, — 1 +7-—4=3-0r —1. 


Pp Explanation... * 


In the firſt ſtep the ſquare is completed; that i is 
half 8 (the coefficient of x in the ſecond. term) is 
ſquared, and its Iquare, viz. 16, added to both fides. 
Then, in the ſecond ſtep, the ſquare root is extracted 
from both ſides, which produces the third ſtep. + 

_ Laſtly, by tranſpoſing +4: the two roots or r values 
of-x are obtained. 5 * 


2, Given * 16 to find . 


N comphrin 
the ſquare. 


Then x+3=+4/* 2 = by extractin the root. 
And - = or —Þ by 


3. Given æ 4 A aß to find v. 


bw = Firſt, LAS 28+ za by tranſpoſitio 


Then & — _ 6 
— 24 1 Le: Daa e 0 
0 onſequently, ele or —4 by waa, 


6 QUADRATIC EQUATIONS. 
4. Given 3 1a Gf to find . 


Firſt, 3x*—12x=15 by tranſpoſition. | 
Then #*—4x=pq, by diviſion. | 
| Alfo, x*—4x+4=9 by comp. the ſq. 
| And x—2=+,/g9=+3 by extr. the root. 
Therefore x=3:3+255=5 or —1. 


| 5. Given x* +x==42 10 find x. 


Fiſt, x*+x+$=424 by comp. the ſq. 
Then arts by ox 


tracting the root. 


That is =, 4 by tranſpoſition. 
"Or, x=S+61—i=6 or —7. 


6. Given eee fand . 


Firſt, = — wa (423—204)=224 by wap 
And un multiplication. 


Alſo,#*—ZZ+1==443+3==444 by comp. the ſx 


3 
Hence x—2 —=+// 44 63 by extr. the root. 
And == or —6x by tranſpoſition. 


e find +. 


Here x*—6x-+ g=—8-+9=1 by comp. the 
Then 3 1 ＋I by extr. 5 ' 
Alſo, E +3=4 or 3 by tranſpoſition. 


8. Given e find æ. Anſ. x=4 or 8. 
9: en Reer 80 to find x. 
7 88 kala X=12 or —b. 


"EEE 


QUADRATIC EQUATIONS. bs 


10, Given x*—4x—8=—1712 to find *. A xt=2. 
17. Given 4x*+ 12x+8=80 to find x. 
— Anſ. æ 3 or —-6. 
12. cnt 3x * —4x+ $=3,68 to find æ. 
Au. * , 6 or 7233 * 
I 3. Given ** zr to find x. - 
A2. * , 6689 or 1,793» 


4 2 {RULE a> | | | 
All equations whatever in-which there Ber two 
different dimenſions of theunknown _ tity ; if the 
index of one be exactly double that of the other, may 
be ſolved like quadratics,, by completing the ſquare, 


thus— ; 
Having extracted the ſquare root, tranſpoſe; the 
—— which are on the ſame fide with the unknown 
quantity, and then extract that root from bath ſides, 
which the index of the unknown "any denotes. 


- >» EXAMPLES. .. 
I, 2 — AY an ele} to find x. 


Firſt, x4 22% þ1=24+1=25; by completing 
P i ſquare. + + 
nd zx*+-1= = ev — 
Allo, x*= re — — it {ys 
Whence x=; eee 8 . | 
*2, Given x*—4x*=32 to find x. | 
. Firſt, x*—q4x* +4=32+4=36 by completing 
the ſquare, 
And x3—4=4/ 36=6 by extracting 8 {q. root, 


Allo, & 10 by tranſpoſition 
- Therefore, x=I/ 2 4 by evolution 


— A. 4 ”_ —— —— i a * 


* In this and the followin exam beans tit nl found, the 
learner may find the reſt if be gad. x 


| 5 q 


266 PROBLEMS producing | 
3. Given x+44/x=12 to find x, 


Firſt, x+44/x+4=12+4=16 by comp. the ſq. 
Then VX = 16=4 by evolution. 
And ,\/x=4—2=2 by tranſpofition. 


Whence x al“ A by involution. 
4. Given x2n—a=a to find x. 
Firſt, xa**%—x*+$=4+F by comp. the ſq. 
Then - Aa by extr. the ſq. root, 
And z**=!+,/a+FÞdy tranſpoſition. 
Whence e by evolution. 


1 


H ＋ Given x*4+2x*=99 to ſind e. An. x=3. 
6. Given & - Ar +4=1 to find x. Anſ. x= 
7. Given ar -π 490 to find x. Anſ. x=. 


1. What two numbers are thoſe whoſe ſum is 12 
and product 367 12 4 RR gt 
Let x = the greater number. 
Then will 12—# = the leſs. 
And xXx (12—s) 235 by the . : th 
That is, 124 —4 235 by multiplication, 
And x*—12x=—35 by tranſpoſition. 
Alo, #*—12x+36=—35+36=1 by comp, 
the ſquare. | 
And z—6=Þ4/ 1=Þ+1 by evolution. 
Whence x=b>+1=7 or 5 by tranſpoſition, 
And 12—x=12—j or 12—5, VIZ. 5 or 7> 
_ Wherefore the numbers are 7 and 5. 


| 
, 


| Duadratic Eguarint. 167 


2. The difference of two numbers is 4 and their 
product 96, what are the numbers? 


Loet x = the greater. 
Then will x—4 = the leſs. 

And xXx (x—4) =x*—4x=96 by the prob. 
Alſo, x*—q4x+4=96+4=100 by comp. the ſq. 
Whence x—2=10 by extr. the root. | 
And x=12 by tranſpofing —2. 

And x—q4=8. es. 
Wherefore the numbers are. 12 and 8. 


3. The difference of two numbers is 6, and the 
ſam of their ſquares 50, what are the numbers? 
Let x = the ter, 
Then a—6 — * leſs. 
And x* = ſquare of the greater. 

Alſo, x—6|*=a*—12x+36 = ſq. of the leſs. 
Wherefore, xz*+x*—12x+36=50 by the prob. 
That is,, 2x*—12x=50—3b=14 by tranſp. &c, 

And x*—6x=7 by diviſion. | 
Alſo, x*—bx+9=7+9=16 by comp. the ſq. 
Therefore, x—3=4/ 16=4 by evolution. 
Whence x=7 and x—6=1 = the numbers req. 


4. Divide the number 15 into two parts fo that 
their produ may be 56. 
Let x = the greater. 
| Then 15—x * leſs. 
And (15—#) Xx=56 by the problem. 
That is, 1 5x—x*=56 by multiplication. 
And & —i 5x=—56 by tranſpoſition. 


Allo, 2 + He *=—56+7,31* by comp. 
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Therefore, x—7,5=+4/—56+7;5 | Nins 


,s by evolution. 

And x=7, 2405 ,6=8 or 7 = the parts required. 

For if x=8, then 1 , and if x n, then 
15—a=8. 


FS | What number is that which 3 o led, and 
8 added to the triple, the ſum ſball be ſquare 
of the number ſought, as 5 to 4 ? 


Let x= the number required. 

Then 3x+8 : & : : 5 : 4 by the prob. | 
That is, „ by mult. extremes and 

means. 8 

And 5 —12 232 by tranſpoſition. | 

Alſo, x*—2,4x=6,4 by diviſion. 

And z*—2,4x+1,44=0,4+1,44= 7784 dy com. 

the ſquare. | 
Wherefore, x—1 ,2=4/7;84=2,8 by evolution. 
And £=2,8+: 1,2=4'the number required. 


6. Two captains diſtribute each 1200-crowns equally 
among his men; now A has 40 men more than B; \ 
and B's men receive 5 crowns a man more than A — 


how many men had each captain? _ c 
| Let x = B's men. | 
Then — = the ſhare of each. 


Alſo, 8 = A's men. 
And 25 = the ſhare of each, 


* x40 Ky 
And decent ace ies ge. +200 by mul- 


tiplication. 
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That is, 5x*-+200x=48000 by tranſpoſition. | 
And x*+40x=9600 by diviſion. _ 

Alſo, x*+40x+400=10000 by comp. the . 
Whence, x=$0 = B's men. 

And x+40=120 = A's men. 


7. A man bought cloth for 70 ſhillings, now if 
there had been 4 yards more, each yard would have 
coſt him 2 ſhillings leſs than it did, how many yards 
were there ? 


Let x = the aaa of yards. 7 
J Ten x+4 = the number, with 4 yards more. 


Alſo, Z = the price F | 
firſt ſuppobitida. "Th 
. . And = = the price per yard by the ſecond. 


L Whence, .70x+280—2x*—8x=70x by multip. 
And x*+4x= 140 by tranſpoſition, &c. 
Wherefore, x=10 = the number required. 


9 8. One bought a horſe and ſold him again for £56. = 
and gained as much per cent. as the horſe coſt=re- | 
quired the price of the horſe ? 


Let x = the price. Tag; 0 
Then 56— 4 = the wm * 


And x : 56—4 :: o [os ess = the 


gain per . 3 35 
Whence, x= . by the prob. | 
Alſo, x*= SUN e by multip. 


' That is, x*-+100x=5600 by tranſpoſ. | 
* From which & is found = £40. the ſum required. 


2 


— 


170 PROBLEMS eee, 
Face. 969. men in the form of an Foe 
le, ſo that may be more d | 
in — * ogy 1 ave mans 
Let's = the 50 ber of hai in front. 
r er e number in depth. 
2 4 XR. % 
Th K. . by the prob. 
And. completing; the ſquare; 75 we have 
| I and æ A0 MR 
10. A com 1 4s. to but 
before the 8 was ſettled two Lo, "them ſneaked 
off, which obliged the reſt to pay a [+ og a piece 
more than they ſhould have domny how: many perſons 
were was thanys ; 


Let x = the number of 
Then — = £5. 23 — — 


Alo, 4 . 
e 


Wherefore, =; by the RR 
Which reduced gives x=18 the number required:. 


11. Bought 120lb. of pepper and as many of gin- 
ger, and * for a crewn- one pound * 
ginger than of pepper now the pepper coſ 6.crowns 
more than the ginger, how many pounds were * 
of each? NE 
Let x che. lbs, of pep N 
Then æ＋ 1 = ditto of ginger, 


Allo, r dhe price of the pepper, 
72 > = dts of ce ge. FOOLS 


x+1 
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' Whenee, E e the problem. 


Which reduced gives. x=4lb. of Peppers 1 

 #+1==51b. of ginger. : 

12, One dy cloth 'for £33. 155, which he ſells 
In 


again at 48 ſhillings per piece, and gained as much as 
a * coſt—required the number of pieces? 


Let x = the number of pieces. 
Then At np = the number of ſhillings in £33. 15s. 


And OZ = what euch piece colt. - 

Also, 14. what he ſold the whole for. 
Wherefore, 44.—675 by we problema 
Whence x=15. 


Ws A grazier bought as man Theep as:coft him 
3 60. and after reſerving 15, he Told the remainder 
For (4 and gained 2 ſhillings a . head * them, how . 

many ſeep did he buy? oY 
Let x = the number of-ſh 
Then 1200 = the l e 
And 1080 = ditto in (a. 


Alſo, 2222 = what each ſheep coſt. 


404 e ret plan. 15 
* · 16 | 
Wherefore, 2232. —I2=2 by the prob.” © 


1x— 156 


Which reduced gives N, the number required. 


14. Two partners gained C140. A's mon 82 
3 oaks in tidy ud his id was £60, than 


his ſtock; and B's money, which was £50. more 
. than A's, was in Uo 5 months, what * was A's 
ock? 
en = A's ſtock, 82 
Then . 5 = 's ſtock. 
And x—bo.= A's gain. 2 
© Allo, 140 — (60 =200—x = B's gain. 
Now A's Rock X its time: A's gain : B's N X its 
| - ö I time B's gain. 
3 That is, 
3 e 
z Zx 3 x—bo :: F250 200—x by mul, 


of 3 | From which x — 2 this 9 
n, | Gives c= 100 = A's ſtock. | 


15. Given the ſum of two numbers 12, „ and the 
"farm of their ſquares 905 to find thofe numbers. E 


* ; * 2 8 PROBLEMS containing 
| 
| 
| 


4 9 and 3. 

4 | e 
E- ore” | n and 12. 
1 on bought a number of oxen for £80. 

ab 127 Nel t 4. more for the ſame money he 

would have pad gran ora how _ many: did he 
3 #4 buy? . ff 55) 4 A, — om! J. 16. 
5 18. A member of Patti ontived £7- J. to 


be diſtributed among the poor voters; when they were 
aſſembled, and the ſteward ready to diſtribute the 
money, there comes in unexpectedly two more clai- 
mants, by which thoſe at firſt aſſembled received a 
milling a piece leſs than they otherwiſe would have 
done, what was the number at firſt? An. 16. 
ag”. 19. Towards the expence of building a ſhip, A 
"pai ——— — * 
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alſo, A's payment was equal to the ſum of the ſquares 
of B's and C's; how much did each contribute. 
Anſ. A £15000. B £15000. C 8000, 
20. In a rectangular pavement conſiſting of 1000 
ſquare ftones, there are 15 more in length than in 
breadth —-how many ſtones are there in length and 
breadth ? | Anſ. 40 and 25, 
21. Bought two remnants of cloth, one af which 
was 6 yards longer than the other, for 68 fhallings ; 
Dow each of them coſt as many ſhillings ayard as there 
were yards therein, what was the length of ench? 
Af. The greater g yards, the leſs 2 yards. 


FA'T/ SURD 8. 07 2 250bsR (2 


*Surds are quantities under the radical ſign which 
have no exact roots; they are likewiſe named Irra- 
tional quantities, to diſtinguiſh them from gan ones, 

| the exact roots of which can be found. | 
Thus, /, {/3, 4/8, &c. are 81. no 
exact roots. 02. mo 0 * 201+ J WE 


—— — ID 


„ 
An 


—— 


fre Sirens, Tong only endl a come? the ol pon 
a litt ent, on to oo y che 8 | 
wo by including all radical quaatities under the general — | 
The reduciien of ſurds oon Hiſts in chan them from ame form 
to 8 | _ . or the greater — in 
adding, ſu I nukiplyi og, dividing, ar imating to their 
5 — The Ly — on ch the ſeveral operations 28 founded 
Will be ſufficiently plain to thoſe who are Well acquainted with 
Fractions, Involution, and Erdlution ;-and the Teanher will do well 
to exerciſe his ſkill in endeavouring to account for thema be 
it will likewiſe now be proper for him to turn back, and re-examine 
thaſe matters in rhe farm part of the dank which he dig not per- 
fectly underſtand, and to work out all the examples Wore 
omitted in the firſt reading, x8 » S »/ #35 *% $3 77S ' 
1 Pri n s 


| Qz 
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And /, V7, 7/25, &c. are rational quantities 
hw 1 roots are a, 3 — 4 reſpeQtively. 


[1 Is Trad 6 rain) pany form of or. 
| os Bs BY RULE.” 

- Involve the quantity to a power equivalent to that 

- denoted by the index of the ſurd, and over this power 


place the radical fign, and it will be of the _—_ 
required. 5 


45% 324 eri q 
Fn vw — f 34+ » 


- EXAMPLES, F 

. Reduce 5 tot the form of the mire root. 
"Firſt, gx e=e*mas. | 

a5 \ Whence 4/25 isthe ankwer. 


4 3.5 5 


: . Bewwer 305 the form of the cube root. 
Here \/3 3X3X3=1/27 the anſwer, | 


Fa ede form of the rest, * 
— ——Here tee ee the anſwer, 


4: Reduce b to the form of the ſquare root. 


{ 


: 


| Here: AN Abele the anſwer. 
: 5. Reige, 40 to the form of the 5th root. 


Here Vio umu ae 0 
the anfwer. 


6. Reduce 4 to the form ofthe ſquare root, and 4 


w0 the form of the cube root. 
15 | Arſe ib and = 


2 
<P 


7. Reduce a+ to the form of the ſquare. root, 
| » af. (a T-). 


2. To reduce quantities aber EE ae 
s indexs : 


% 


_ RULE. 


Reduce the indices to fractions Weng a common. 

| denominator, and place the new numerators each over 
its reſpective quantity for a new index. Place 1 over 
the common denominator, and then write this fraftion 
as an index over the given quantities with their new 


; EXAMPLES. A ty - 
3 Reduce | and 83 equinaentquantes havig 
a common index. 


Firſt, 3X2=6 | 8 
aan numerators. MY 
And 4Xx2=8 common denominator. 


Therefore = and UN are the „ 
But 5*=117649 and 8*= 


Therefore 117049 Wee ee, 
2. Reduce x* and 5 to a common index. | 
- IXSESYL new num. 


I X4=4, 
4X5=20 = com. denom. 


Therefore, e and 75 the anſwer, | | 


: w a > 
Py 77 44 II 01 


% 0s. 


5 7 1 | 1 x 5 x % A? PI 5 6 
3. Reduce a and n to a common index. 
| NM m 


INA = 
nnn com denom. 


Therefore ane and Da, the anſwer. 


| new num. | 


-4 
4 Reduce por man i to a common index. 


1X3=3' | 
1 2 2 f new num. 


qs com. denom. 
a (a+a? * and (a=A*)® being actually i in- 


volved are a* +3a 's+ zax* Ter and a N l 
the anſwer. 


„ . e b Gen daz 7 
| An. 275 and 165. 
6. Reduce of and 87 to a common index 


Ay, ad and 55 aer. 


— 


575 7 A, 4 


— to a common index. 
bs CET EL and x*—zx-3<-3ay . 


3. To pee — 2 — Sunn 0e 


2 TY 
* ba : : * 


RULE. | 


Divide the e indices of the quantities. by the given 
index, and place the quotients over the faid quantities 
for new indices. 


- 
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Over the hang with their new indices, place 


and the reſult will be the equivalent - 


. 


_ the given in 
YR required. 


| EXAMPLES. 


1. Rense 125 to an equivalent dn whoſe in- 
dex is 4. fr” 
oY Fiſt, 1+4=1X4=1 the now index. | 

wee, t or is a RR $a 


2 Reduce 4 and 5 to \oquiralentquantiies having 
given index 4. 


iz 1 the firſt inden. 
1 ＋ 1481 I t ſecond index, 


THREE: 1 0. and (5 Sn ward | 
WR | * CE | N 

3. Reduce a” and 4" to equivalent quantities nat 
e eee lus. , 57 Room? nac 


„ Pos . 
| 2 LoLS EXE D oft ne, 
GO OY RR | 


2722 2 the fecend index. 


— — — — N 2 


na 12 F nr 


egen, 7 7 WY 4 & 


— a. 


4 Reduce ab and pl the common index b. 
Ay. 4* and at. 


og . SVR'DS. 


—— CNET CCS — 
2 


3 Reduce F and * to the common indlex 4 * 
Aa. N and OY. 
* To redace Jurds to thei ut — 


IA. 


Divide the given ſurd by the 1 power that 
will divide it 1 a remainder and place the ſaid 


8 3 and quotient connected hy the fign X of mul- 


plication, under the-radical fign —. 
FExtra the root- of the forementioned power, and 


phase iss root beforethe-faid e oF 
radical gn between them. * 8 5 


| | EXAMPLES, 
ne Aedurey/ Rtoits moſt ſimple· terms. 


4 18=4/9 x23 X2=4/9 Xy/2=3 KV 3 the anf. 


Ther teſt ſquare number ,h: vill divide 28 
is 9, and the quotient is a. Theſe are placed under 
the radical Ggn, and: then the root of 9 is extracted, 
hs is 3, and this annexed to the ſurd 2 is 3A ; 
as above. 


2. Reduce V44 to Eee terms. 
ae 7775 2% ö che anſwer, 


— 


88 


ca of — —— 
— «% 


When the ene, eng pen, it is already f in 


its PIT 


b 
A 
P 
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3. Reduce 4a“ to its. Gmpleſt terms. 
* 542. SVA N 32 aa the auſwer.. 


4. Reduce / 12x%*z—16x? to its moſt ſimple terms. 


12x —168 = 5" X(32r-49)) = ax 
v/ 329—44* anf, 


5. Reduce / 50 to its moſt Gwples te terms. 


425. Va. 
6. Reduce / 160 to its ampleſt terms. 


Aa 22 a4. 
7. Reduce * 12d. and 17 2a*x to their ſimpleſt 
terms. Anf. * 2x and a/ 2x, 


8 Reduce -(644%x*—320%)? torts ſimpleſt ret terms. 
Af. 24% 2x*—at, 


— 
5. The quantity ** the * n being a fracti 
to reduce it to a whole numter. f * 


RULE, 


Multiply both terms of the fraction under the ra- 
dical ſign, into that power of its-denominator whoſe 
index is 1 leſs than the index of the fard.. * 

Then the denominator of the reſulting fraction may 
be taken away, provided you divide the quanti 
without the radical ſign by its root, ſo ſhall the ſurd 
part be a whole number. 


. _ 2 1 


* The value of an i ſurd is more cafily eſtimated than that 


33 


"06 6 0 

5 k BXAMPLES. 

I. Given 2/4 to reduce the radical part to a 
whole number. 

"Firſt, both hers of the Hau, 74 4 * . 
into 5, the denominator will be 25, a complete ſquare, that 


ha modes 1=/+ Xs bY | | 
| 5 X5 | | q 
Now taking 5 this . ne dividing 5 D 


| (the rational part). bj git root, the reſult ts N or 
| 3/00 eee eee TE 
33/5 sers the ah. 


20 


3. . Reduce the radical et of — — 12 — to. a whole 


| nr 2 
- | Pup, e 
| 9 exact ſquare,” _ ; 
: tHe 2 n= 9 155 
„ae 3 . 3 i 3 83 — 
Therefart, Ja the anſwer. | x 


3. Reduce the radical part of 31/1. to a whole 
E | : | 8 
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Nat. Vu 22 5 A.. is the 
7 343 5 
eube of . | | 
Then 3-+7=22. the rational pant | 
Whence, - . Lig *. 5 
4. Reduce 9 to an equal quantity whoſe ſurd 
part ſhall be a whole number. 2 
IX3JXJX3__ 1 X27 _ 27, 
1 e 3 X27 * 


n —4/23 . 


Cn 
V 74 had We” £2 N 1 


e 1s fg ws, bing 
eee 52 A, e. 
Fe 


5 
F terms, having their fad pars whole number | 
e pd and £ ; ap 


6. e 
Reduce the quantities to à common n the 


fractions to a common denominatur, and the ſurds to 
their ſimpleſt terms. If the ſurd part be the ſame in 


UF 


18. SUR D's. 


cients) together, and annex their ſum to the common 
ſurd. But if the ſurd part be not the ſame, the quan- 
tities can be added by means of their ſigns only. 


| EXAMPLES. | 
1. Required the ſum of ,/8, ,/18, and ,/32. 
Tue reduced to their fimpheſt terms are 
| I 8=4/ 4X2=24/2 
VIS SV 9X2=34/2" 
a/ 32=4/ 16 X2=44/2 | 
Au their fam g,/ 2 the an. required. 
4-0 - . * | 
Having reduced the ſurds to their ſimpleſt terms, 


the coefficients z, 3, and 4, are added together, and 


their ſum 9 is prefixed to the common ſurd , 


making the ſum 94/2. 


3. Add 3/24 and / 192 together. 
Theſe reduced to their fimpleſt terms are 
„ = 8 * 3224/3 
Die NN 
Theſe added together give 63/ 3 the ſum required, 
3- Add d and / 16a“ together. 
1 2 - | 
1 4a*xZ2a1/ x 
Vi | 


mae bay/x the anfwer, 


, 
1 
, 


SURDS. 2 
4 Add 8 and / 162728 together. 
S a and / 16a*x* A. 


Thee Jurds being unlike their ſum can be denoted only by 
connecting them by their proper ſigns, therefore 2a3/ x* + 
ed. 


24% 2x* is the ſum tequir 


8. Add 9 ud, together. | 
— dn and then to- 
their ſimpleſt terms, become 
— 2 3 
"7 r. F 9 iy 


16773. 
Vi 8 „ CME * 


e 2% A2 | 
Theſe added together give 8 3 the fam 
requir d. / ; 


7. 7. Ada furd name 0 
Rol. 


Prepare the quantities, as in addition, and if the 
ſurd parts are alike, ſubtract their coefficients, an- 
nexing the remainder 3 he — dr if 
rr ike, change the ſign of the 
go . with 

e hes Je. 


R 2 


EY "SURDS. 


8 EXAMPLES, 
1. . .— 
Amar terms, we have 
af 24=4/4X6==24/6 


Then fubiraSling 1 from 2. the remainder is 1 (under food). 


Therefore, v/ 24—v/ 6=24/6—v/6=1/6 e 


2. Required the difference of / 128 and * 16, 
| Theſe reduced to their jungle terms ar 


: 1/ 128=1/Taxa=4l/2 
ib DN /a 


5 Therefore 44/ 2—24/ 2==3\/2 — 
84” What is the difference of 32 und / 24 x, 


32 <7 a x 2ax=2a4/ D 
Naa N N aer 
*. 2490 aa aax g/ 2ax the anfuver regs 


4. Required the difference of = wo and 2 i 
T beſe reduced ta a common 8 . 
x D and 2 N 


150 150 


Mou, men — terms, ave haue 


ITVOK I... 
r 


— Freer. 9 
V0 VN 5 26 of 
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Therefore, 10 —_— —2/1= ==F | 
„neee frat nn FE. ont 
. — 
7 1 I rnd gy Oe ee. 


5X6 
5. From / 128 take 4/8. | Anſ. 64/2. 
6. From 24/ co take 18 Arſe 14/2. 
7. From / 192 take 24. A5 2% 3. 
| 9 i | I 
8. From: 2/ -— take 9 2 Alf. —4/ 18. 
9. From /b take a nf. a e. 


10. From {/ 162 u take {/ 2a K*. Anl. 24 a. 
n Tom Vc. eke G4 —3 44325 z*, 

| | Ars. 4a3/ 2%—az?. 
8. To multiply ford quantities together. | 


RULE, 


Reduce the ſurds to the ſame index, 2 * ply 


the coefficients (or rational parts) together for the 


ther for 


rational = of the product, and the furd parts toge» 
ſurd part. 

Annex the former 8 to the latter, and reduce 
the ſurd to its * | 


'EXA MPLES. 


1. Multiply 44/ 3 into 5%6. 


The prod. of the rational part it 4X:$=20, 
; e 
R 3 


„„ sun s. 


Theſe connefled yive 204/18, endich andre tits fone 


ple terms. becomes 2 MOSS NY 2=604/2 the- 
2 4 099 5 * 


2. Multiply 48 and 54/3 together. | 
% 5s i Xt X6==404/6 Frans 


* 3. Multiply 74. mne 5 
VER pal mate Tay 


* Multiply 2 7a into / Seb. tt 
ne Cain Bas. eee 


*. Wukiph v7 into f 


Auer . into — 22 ene 


4 IN 

4e 3 
* e 

a — 8 3 7 6 


42 brad. x 


r 4 4 


RD 


7. Multiply (x+y)*4ms (A. 
Theſe reduced to a common index bene 


U 
G E IAN 


8. Multiply g/ f into 34/8. - Af 30/20, 
9. Multiply / 18 anto 577 . i. 10%. 
; 2 3 1 : we 
r 
11. Multiply imd l. 
12, Multiply 24 into 3. 432% (648%. 


Reduce the ſurds to the ſame index, and divide the 
rational. parts by the rational; and the ſurd by the 
ſurd; the former quotient annexed to the latter will 


* 
* 


be the quotient required, which may be reduced. to ĩta 


as as before. 


© os wo IR 


SURD'S 


t BXANPLES. 1 
„Let 15 15 be divided by 4%. 


Bun, 25 the PIE Py... 


And e the fard part 
| When, 3% 5 is the 7 . 
2. Divide 83/48 by 24/2. | 


WW eee uu, N 


Di ide b Br Red 
3. 83 2/4 0.3/5 
2 


kev 2 nn 

ee Lr 5 r 
Fe FA 

4. Divide x*—» by FH 16% by 4—0/ 3. 


eee eee, 


— Wyo 
—T "OY + 


— 
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. Divide 8,/ 168 by 24/6, 12%. 
| ö. Divide 34/8 by A A | 1 Aus. 3. 
N Fa Divide 10% 208 by 5 4+ 8 
| Divide 4% 1000 by 24/4, Haf. 10% 2. 
9. Divide 9233 J- 165 
70. Divide / E by 2. Auf 2%. 
| . yy 


Nultiply the index of the ſurd into the index of the 


power to which it is to be raiſed, and to the refylt 
annex the power of the rational parts, and it will give ; 


the power required. 
| | EXAMPLES. . 
1. Involve 4% to the third power, 
4 X 4 X 4=64 the rational part. 
| 25 x 
Therefore, a rr the 34 power of the fard parts. 
Whence 64x = the anſwer required, 


a. Involve ao the ſquare. _ 


— 


1 8 UR DS. 
A t the furd part, 
Wherefore, * * is the anſwer: 


0 E It'is require to find the unde 8 


Ä 99 5 x Sn? 25 =. 


1 49 7 
Nan Ar the anſwer reguired. 
8 7 63 regu 


4. Involve Os he to _ and and , to 
.the cube. ; 


„ 
1292 NEE I+V3 
1—/2 i+/3- 
. - v/3+3. 
3—2\/2 the a. rH2/3+3 
2 
os — 
| Roquiad the 8 272. Au. 4x/ 4. 
What is the cube of V2, and the 4th power of 


1 Involve 2a — to the cube. 
Anf. ee. vanity 
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11. Evolution of Sards. 
6 AULE. 


Multiply the index of the ſurd into the index of the 
root to be extracted, annex the root of the rational part 
to the reſult, and it will give the root required. 


EXAMPLES, 


1. Extra the ſquare root of 164? 
g= the root of the gan ada 
NTT on af 0b ince of thc rd ve; 
Wherefore ga is the root required. 


2. Eutract the Cube root of © A 
8 « 


”_ 


* To find the fquare root of a binomial or refidual Surd, H 
N . , then will /AFB=\/ n+ 
VED. Ant EV 


8 igher than the ſquare, no genera rule has 
ae —— Rules 5 ſuited to particu er adds may be found in 


Newton's Aritbmerica Univerſalis, s'Graveſande's Mathbeſeos Univers. 
Elem. Saunderſon's and Maclaurin's Ara, in the Pblloppbicel 
—— and in moſt works on Alge 


N 8. UR DS. 


3. eee 85 


bs 


4. 3 8 
„ E (1=v/2 the root. 


WIE Gennes ray | ; 
1 | 


+4 bl © 
— 


5. Rana the hate root of 97/3. Auf. 3. 38. 

5. Required the Cabe root of 4%,” e . . 

7. W Aus. Lot 
| <3 


8. r 5th root . 


„ (0 (2p 
** Extra8t the ſqtare weer „dae. , 
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I2. A Blneneiad, e 


 guantity, which multiplied into it, will give à rational 
nur“. 


Reduce both Surds to a common index, and having 
changed the fign of one of them, involve this com- 
pound quantity to a power whoſe index is leſs by r 
than the denominator of the common index. 

Prefix the common radical fign to each term of the 
power, and reject the co-efficients, the reſult will be 
the multiplier ſought, 


 EXAMPLEs, | 


1. What quantity multiplying / (4-2/2, will giv 
a rational product, and what will be the product ** | 


ka 275 | 
n 
oer 


* — 8 ——— 


\ % - = * * 
9 99 1 * J & x o =_ 
mo \ . * + £ = 9 
1 * a * — NY — on. 


Let e be ths given binomial or refidual, then will 
Mn „ r 1 n= 3, c. continued 
WONG COB ds (ilk 3M ol D 

KLE | See Mackewrin't Algebrs, p. 113 
8 


294 S UR DS. 
did rejeing the eie, 2, te eee e 
Y6+4/4- bs 


Then 3/3+3/2 
CIOS 


n en 

| Pg e 5 

Var jos — — 
Ee - 


2, Given 22 to find what — will make 
che 3 rational. 
„ Ae ue 
233 the denominatar. 


And A8 X ( 7479 „uns 144=4 
4/ 21+12, 


mae the auler N HV. 
Au the requiredfraftion . 


| Find the multiplier for / Ax. 
Sei ere Aver. 


Find the 7 for {/ a+}/ 6. 
Le A uu. 


Itiplying / 5 
12 3 what i 8 be — | 
Arſe. / #9 —4/ x*y*+4/ 3*y%—4/ 2? the multiplier. N 
And a the produtl. 


e 5 WbeT* 
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Promiſcuous Examples for Practice. 
r. Required the ſum and difference of \/ 448 and: 


a/ 112, 
A. Sum 124/7- 
Diff. 44/ 7-- 


775 Find the product and quotient of 7 V 1000 and. 
58 4+ 


Anſ. Product 3507/4. Quotient L 8 
3. Find che ates wed e 6h 
L4/Z and 3.4/3 | 
77 7 
Au, Sum -/ EJ. Diff. 7 £— 
I. pro. Sor e. Quot, 
75 or. 77 1 5 
f W the ſquare and wee of 
* 2 5 
I Sq. Tat, . Squreroot 4 or —oþ 
8. Find the produkt, quotient, ſquare, and ſquare | 


— 


A2. Prod. -* 


3 S UR DS. 


In a given fraction io remove any quantity from the de- 
nominaler into the numerator, or frem the. numerator into 
the denominator. © 


RuLe®*, 


FT Andy may be removed from one term | of a 
fraction to the other, provided you change the me of 


its index. 


' EXAMPLES. 


1. In the fraction the quantity) is required to 


be put into the numerator. 


. Required e value of ax (gt FE xy X | 
wie)”; in fractions, having affirmative cps 


| * | 
1 hs cn 1 0 5 . 


It th f d 
indes wil be dectesged exfad | 5 eee ek : «q — ture 14 ai. : 
_ 2 * 31) a? 42 3 a= ( agg Hh 


= 2 and a ae and ſo 


on. Henoe It gone poche fra U * 
Mee 
from whence the rule will be manifeſt. 


Auſi x, a , and æ & (x—y)=3. 
INFINITE SERIES. 


A ſeries is a rank of quantities or terms uſually 
formed by dividing a fimple quantity by a compound 
one; or by extracting the root of a compound ſurd, 
and is ſuch, as being continued would run on infinite- 
ly in the manner of a recurring decimal, 


As the terms of a ſeries frequemly proceed-accord- 
ing to ſome certain law, it will be neceſſary to ob. 
tain only a few of the leading terms from which that, 
law will appear, and by help of which the ſeries may 
be continued to any length, without actually perform- 
ing the operation. 


2 


— ** 


® Series are diſtinguiſhed by particular names according to the 
nature of their terms, thus, 


A ſeries whoſe terms continually decreaſe, is called a converg- - | 


ing, or approximating ſeries. 

A ſeries whoſe terms continually increaſe, is called a diverging 
Ames whoſe terms neither increaſe nor decreaſes, is called a 
neutral ſeries. | 


Thus, — 1. ＋. &c. it converging ſeries, 


3 9 
I=—- 2 + 4-4 +5, TY ſeries, ani 
| 1— 1+ 1-1-1, &c, à neutral jeries, The two 
„ N 
2 | 8 3 


* 


f N ae and compound ſurds # infant fo 


ries, and by which all quantities whatever may 1 


2 . 

Let PFPQl, repreſent any binomial, where P is 
the firſt term, Q the ſecond term divided by the firſt, 
= the index of the power or root to be found; and 


* | | 5 5 
Jet A, B, C, D, &c. each repreſent the term which 
immediately precedes that in which it ſtands. 


Then will PY Do=Pr + A 
IE CQ+ , &c. 


n — 


This Theorem (of which the rule in page 101 is a particular 
branch) was diſcovered by Sir Iſaac Newton in 1669, and tranſ- 
mitted in the above form to Mr. Oldenburgh, Secretary to the 
Royal Society, in a letter dated June 13, 1676, to be by him com- 
municated to M. Leibnetz ; although the invention undoubtedly 
belongs to Newton, yet certain parts of it were known to others 


* + 


before his time. Stifelius, about” the beginning of the 16th cen- 


tury, a table of figurate numbers, which ſhewed, b 
inſpection, the coefficients of the terms of any r of a binomi 


contained within the limits. of the table; and Vieta ſeems to have 


well underſtood the law of the coefficients; but the method of 

encrating them ſucceſſively one from another was firſt taught by 
Mr. Hen e profeſſor of Geometry at Oxford, about 
the year — us, the theorem, as far as it relates to powers, was 
complete, wang only the algebraic form; but whatever others 
might have diſcovered, Newton was the firſt who thought of ex» 


tracting roots by infinite ſeries ; a diſcovery which has opened a 


new and ex field in modern analyſis. Ser Hutton's Matbe- 
matical Tables, p. 75. 60 

For a demonſtration. of the binomial- Theorem, ſee Simpſon's 
Algebra, p. 227. A 5 p. 215, Landen's Refidual 
Analyſis, p. 6 and 7. Glenie's Univerſal fer z. and the ob» 
ſervations of Baron Maſeres, given in Dr. Hutton's Mathematical 
Dictionary, Vol. a. p. 732, &c. &c. 


* 


INFINITE SERIES. 
_ If the terms of any binamiat quantity, with their 


proper ſigns, be fubſtituted in this general form, it 
will give the anſwer required. my 


3 


- 


EXAMPLES, 


* 
P=a 7 — » whergfore FN 
| n 43 . 
Xt and Pn = 122 the firſt term = A. 
— * 831 
n 3 | 8 23 aa * 
— the-erond. term. 
2a 
25 4 1 
x? + 
” at > the third term. 

mM—21 I—4 3 xs 
r the fourth term. 2 
42 I | 

6 
mM—3! 1 —1—6 ee 
8 g 4 &*. T 
go —— fifth N 


INTINITE SERIES. 


20⁰ 

25 9 b 10 te * 10 Try 
a>. & ) |, ate 1 ' 

X PSY” — — — 

. 28 the fxth term, lte. 


5 Wherefore . Xs . 


, e „Kc. the * — 


7 


2. Required the value of N. in an infinite Erlen 
| " {IF b ave. | — OP 
Here FF: a x — , ewhence * Q=7» 
22, ord Pr=b 242 the foft term. 
n I 6 


r 7 22 


1 * 8 


232 the Afth 


_— 


% 
* 


INFINITE SERIES. 20x 
Where the ſrc C 8 ＋ 2 


+52, &e. ) or mulkiphing the ſeries by b, and 3 
its coefficient a by the ſame, the feries awill be more imply 
expreſſed, thus, TA It .* c.) 


3 


3. Find the value of in an infinite * 


N 


Here . 
"nv S * = 


2 * . a> 12 


— SIE X 3x2. -ab the fourth 
t ; ** * x? 


2 228 25 2. 2 
N a 22 * &c, the 
Anfawer, 


4. Extract the 7 root 2 . in an infinite 


ſerſes. A a+ 5; r nm tn 


2 24 "Bai 16a5 287 


— 


202 INFINITE SERIES. 


- in an in- 


To determine the value of 
Rnite ſeries. a — 


* En , Ae. 


6. Find the value of Si in an infinite ſeries 
wa EE &c, 


7. we the vaſue of 
ſeriey, 


TH FOR 


SL : 


3 3 dc. 


? YG JI : J u 
oo tive 16 or its — 10-＋T8 to the fourth 
N by che binomial Wee. 1 104990. | 


10. Find the value of * 1 in an infinite 


: * 2 
ſeries. A X 3 — — & 
SM ry 14 bm Mo 0 * 2 126x* - 2 


11. Eattact the ſquare root a 2, or. which! is the 
e thing, find the value of 1 Fit in an infinite 


1 . — . me - 1 
3 A '8 + 16 r 
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13. To find the value of N in an infinite 


13. ka te of LAY in an 
infinite ſeries. bo @ 928 ) 
A e. vc.) 
7 


| an fri bing g's fd he een er. 
FENCES. 


— 


ALRV. 


Subtra& the Grſt term from the ſecond, the ſecond 
from the third, the third from the fourth, and ſo on; 
theſe remainder will form a new ſeries called the Rot 
order of differences. 

In this new ſeries take the firſt term from the ſecond, 
the ſecond from the third, the third from the fourth, 
and ſo on; the remainders will form another new 
feries called rhe ſecond order of differences. 

In like manner find the third, fourth, fifth, Sc. or- 
ders of differences, and proceed till "OP In, | 
or are carried as far as ig n F 


OY "ET 1 . 8 * — 1 — — —y 


Let a denote any order of difernnces I= its fixſt tem; and 
a, b, es d, e, c. the given ſeries; then will Ie Ae 
22. er 2. . T, &c. {to r terms) , ac- 


2 
cording as s is aa Ht de 


* by * e 


 BXAMPLES. 


I, Required the feral ondary of diferentes nth 


7, 2, 4 8, 16, 32, 64, Sec. 


| * 1 5 rh 32, 64, &c. ſeries. 
A 5 ++ 8, A, 32s &c. Iſt al erenchs, ; 
| Wo 4s. 8, 16, &c. ad differences, - 
3,7 +4 8, &c. 3d _ , 
125 Iv 45 * 4thdifſerences. 
r. 


- 
. þ ry 


2, Find the foe orders of ee i th 


ſeries 1, 4. 9, 16, 28, 36 Kc. 


I, 4, 9, 16, 25, 36, &c. - Gris. | . A, 
3» 5, 7» 9, 1h, &c. firſt diff. e 
When, 2, 2, 2, &c. ſecond diff, 


o, o, o, e. G 


3. Try ID 
27, P: 125, 216, Me 1 


! 2 27 . 27, Ke. 
11. N 
6, 6; 6, .. 


e ane ate ith 
r 15, a, Kc. 

Au. iſt. a, 3, 4% 8, bee. 24 2, 5, 5 
hw. of differences in the 
: fins, w Þ 13, 19, 26, 34, &. 

, tie . + 5. e, de. 20. ts „ be. 30. 
e " 


4 — — 5 -4 * — m 
o + 473% 22 , N 
"TC * * > Wo- - * 1 . * 
25 2 N N | 4 
= 


| INFINITE SERIES. \ 20g 
* fd any term in the ſeries a, b, e, d e, Ec. 
| | RuLs. 4 
Let d, di, iin, 4, c. be the firſt terms of 
the ſeveral orders of differences as found in the laſt 


rule, and let the term required to be found be the , 
„ 1 


De 
. I „ ay! i, es es 
, BS 1. toc: on of: Wee. 
T.. . Pe. 

quired. | 


c 


| "x; Required the roth term of the ſeries 1, 4, 8, 
13, 19, 26, Her” RNS. IT | 


1, 4, 8, 13, 19, 26, L . Series, 
OE UL Ee Ws. 75 & 1ſt dif. | 
I, I, I, I, Kc. 2d aff. g 


Here zd 1=d" to and a=1 
'»h — 4 — a — '=1-+9X3+9X4X1 


\ 


I | 0 — 
=1+27+36=64 the 10th term required. 
REES af cam Satuict8 3 

3 a ha 0 . TI” 


* The Differential method to which this and the following rul 
belong, is of very general uſe, eſpecially in the conftruQtion o 
mathematical tables; ſummation and interpolation of ſeries; find- 
ing the areas of curves, &c. It was firſt made uſe of by Briggs, i 
bis conſtruction of Logarithms, and has fince been treated of b 
Cotes, Newton, Jones, Stirling, Le Sieur, Jacquier, Simpſon, | 
Emerſon, and others. _ 

For a demonſtration of the above rule, fee Emerſon's Differential | 
Method, prefixed to his Conic Sections, p. 12, 


. & | | 
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2. Find the. 20th . the ſeries 1, 376, 10, 25, 
21, &c. 


1 1 35 6. ic „ 1, Kc. Series. 
| 2, 3» 4, 5, 6, Kc. iſt . 
N © 1, I, 1, &c. — 


| 8 = a=1, wherefore 


Sl . . =++19 RIF IDNY Xe 
=321 = the 20th term required, 


3. Find the 14th term of the ſeries 1 3 6, 10, 
Is, 21, &c. Au. 105. 
4. Find the 12th term of the ſeries 2, 6, 12, 20, 
30, &c. | Au. 156. 


5 Required the 20th. term of the ſeries 1, 8, 27, 
64, 125, &. 22 8000. 


e the ſum GE of the feries a, b, c, d, e, 
c. s n | 


Rur.“ 


n, , &c. be the firſt of the ſeveral or- 
ders of differences then will 


. nn" +2. —. TS +1. 2 
2244 REN =the ſu 
* 3 Re Re the ſum 


7 f 
nn, 


— ——_ — 
— 


— 


ee eee ſec Emerſon's Differential Me- 
. :thod, p- " a 


"4 


% 
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EXAMPLES: | - 


r. To find the fum of ums of the fie n 2, 3. 
„ „ 


I, 23 3, FE 5; &c; Series. 1 
, _ 1, I, 1, Kc. 1ſt diff. 
o, o, o, &c. and di. 


Fre 1 and © are the firſt terms of the differences. 
Whence a= d"=r du o. 


Aud 1 2 42 — the fore 
required, 
Thus if the ſum of 10 terms be required, thew 


10 and — „ 


If the ſum of 100 terms be r then io 
and. "ot 


——0;0 
Fo ſhew ale aching of this rule. 


Suppoſe 100 ſtones placed in a ſtraight line a yard 
From each other, how far will that perſon travel who 


brings them one by one one to a baſket, which ſtands a 
yard from the 


Flere a=2, da, d oo, n=100, and na. 
— =200+100 N. N * 2 10100 yards, or 5 miles 


E390 yards. 
1 2 
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", uy Required the ſym of » terms of the ſeries of 
ſquares I, 4, 9, 16, 25, &c, 
1, 4, 9, 16, &c, the ſeries. 


3» 5% 7, &c. 1ſt diff. 
ys 2, Kc. 2d diff. 


* . 0, Kc. 3d df. 
Here a=1 ou q =2' A . 
Aud 1 K. = — +. — D + 3. 


28 Belts, MU—_ — 412 ae = 


8 


egal e = the ue. 


Thus 1 the ſum of 1000 terms of the ghove - 


| ſeries of ſquares be required. 


Then 1=1000 and (xt): EN 


f 1000 X 1001 X 2001 


8 eh the fur reguired. 


3. To find the ſam of terms of the ſeries of cubes * 
I, . 27, 64, 126, &c. — 
1, 38, 27, 64, rag, &c. ſeries. 
7, 19, 37, 61, &c. iſ diff. 
| a, 18, 24, &c. 2d diff. 
6, WW Re 4M8; 
on &c. 4th diff. 
þ 4, 4 =7, nel, n, d"=0, and 


| {ove ana — ＋ 2 . . , — — 


N 


| e fe Df _ — 


3 


f 
1 
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3 — 
— — 
$4 1 17 


Let the ſum of 20 terms of the above ſeries of cubes 
be required to be found:. 


Eren BOA T” — += : — : — 


2 2100 the anfovers | 1 


= tlie _ required. 


4 To find the ſum of 100: terms of the ſeries 1, 
3, 57 75 95 3 Anſ. 10000. 


5. To find the ſum of 1000 terms of the ſeries 1, 2, 
3, 4 5» &C, 42. So. 


6. How many ſtrokes does the hammer of a com- 
mon clock firike in 12 hours? | 42. 78. 


7. Find the ſum of » terms of the ſeries: 2, 6, 12, 
20, 30, &c, | EY 7. (+1): +1)-(a+2) 
„ 
1 Required the ſum of terms of the ſeries of 
Biquadrates, 1, 16, 81, 256, &c. 
15 


ARITHMETICAE PROPORTION. | 


Four quantities are ſaid to be in Arithmetical Pro · 
portion, when the difference between the firſt' and 
fecond, is equal to the difference between the third aud 
fourth. | 


> TT 3 
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: Thus, 2, 4, 3, 6, and a, +1, * An, are aris- 
metically Proportional.  _ 


An arithmetical progreſſion is a ſeries of quan- | 


tities which either increaſe or decreaſe by the ſame 
common difference. 


Thus 1 85 5, 7, 9, &c. and b. 4447 4 ＋ zx, 
&c. are ſeries in 9 progreſſion, ER common 
differences are 2 and r. 


* 'The moſt uſefu] part of wichaiitical proportion 
is contained in the following Theorems. | 


Theorem 1. If — quantities are in arithmetical 


N Kae. ion, the ſum of the two extremes is 4 Irs to the 


the two means. 


8 


22 ä 
— —— — —————— — 


1 Synopſes of of the Theorems in — 


Let a= the leaft term, z= the greateſt, d Fe difference, 


n= number of terms, sz= ſum of the ſeries. Then v 


— = —— i (I Tata): . | 


5 1 e | 


= — SS _ ——  — — 


fi] — * 5 nrg 


2 22 E —. 


= a == — ils 


— 1). 45. 


- 
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aus i 3. 5, 75 9% be in arith. proportion. 
Then will 3+9=5;+7, being each = 12, 


Theorem 2. Jn any continued arithmetical 
greſſion, the ſum of the two extremes, and that of any 


two terms equally. din from them, are equal to 


each other. 


Thus in 2, 4, 6, 8, 10, 12, 14, &c. N {the 
fum of the extremes) CN DOA NEL IAA being each 


S1. 


Theorem 3. The laſt term of an increaſing arith- 


metical ſeries is equal to the common difference mul- 
tiplied into the nuaiber of terms leſs . with the firſt 


term added to the product. 


Thus the 12th term 2, 4, 6, 8, ro, &c. is = | 
- 2X11+2=24. | 
Theorem g. The Jaſt term of a decreaſingarithme. 
tical ſeries is equal to the difference of the firſt term, 


and the product which ariſes by multiplying the com- 
mon difference into the number of terms leis one. 


1 Thus the 12th term of 24, 22, 20, 18, &c. i We 


2 X11 =24—22=2, 


Theorem 5. The ſum of a feries of — in 


arithmetical progreſſion, is equal to the ſum of the 
two extremes, multiplied into half the number of 


terms. 7 hus the ſum of 1, 2, 3. 4 EY continued 10 
12 terms is (112) X6=78. 


EXAMPLES 
Is ARITHMETICAL PROGRESSION, + 
: RIS 160th term of the ſeries 2, 4, 1 
„ &c., 5 


* - - 


— — 


. RE RL 
- 
= 


. 
. ͤ1 Re EY 


— — 2 — can 


- * is” hs Sa 5 * 
— — — — — rr * 
* \ 8 
% 
N _ 
- 


; * » | 
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By Theorem 3. 2+2 * 99=200, | the anſwer. 
2. Required the ſum of 10 terms of the ſeries 3, 6, 
o 12, &c. 
By Theor. 3. 3-302 the laſt term. 
And by Theor. 5. (3430) X$=33 Xg=165= 
the ſum required, 
3. Required the ſum of 20 terms of the decreaſing 
arithmetical ſexies 100, 96, 92, 88, &c. 
By Theor. 4+ LOG 19= n 
the laſt term. 


And by Theor. 5. (100424) X10==124 Xx 10 
=1240= the ſum. required, | 


4 Required the 12th term of the ſeries I, 3, 8. „ 


&c. Anſ. 23, 


5. Required the zoth term of the ſeries 100, 975 94. 
91, &c; Anſ. LL 
6. Find the ſum of 20 rms of the ſeries 1 4, 7 
10, &c. Anſ. 590. 

3 Find the ſum of 50 terms of the ſeries . 8,8.—8, 6 


8, 4 8,2. 8, Kc. Anſ. 205, 


8. A butcher bought 100 ſheep, and gave for the 
firſt one ſhilling, for the ſecond two, for the third. 
three, and ſo on. What did the 100 2 coſt him? 

£252,410. 


1 find any number of arithmetical means ** 


two given quantities. 
/ RULE. 


Divide the difference of the given quantities by one 
more than the required number of means, the quotient 
will be the common difference, which being con- 


tinually added to the leaſt term, or ſubtr from 


the greateſt, will sive the means required. 


RATIO and PROPORTION. 273 
EXAMPLES. | 
1. Find two arithmetical means ewe 4 and 37, 
Fi | a — —y—= he di „ 
hl "IF ; =9= the common difference 
Then HD mean, 2446 Ws 2d 


mean. 
Or, 3-922 and 22—9= 13 the means as before. 


2. Find 3 arithmetical means between 2 and 100. 
199—=2_. 98 _ ; 

TY 24,5 = com. difference. 
224, 29 5 26,5+24,5=5;1 and 8124,58 
27575 · Norge the means are 26,5, 51 and 154S+ _ 

3. Required an arithmetic mean between 10 and 

100. . Anſ. 45. 
4 Find e means between 1 and 2. 

l Anſ. 14 and 13. 

. Find dennen ̃ FORINE 

ng | 


| Of RATIO and PROPORTION. 


1. Ratio is the relation which one magnitude 
bears to another of the ſame kind with refpe&to nN 


tity. 


* No two terms have been more frequently confounded than 
Ratio and Proporticn, which, in fact, meal quite different things, 


the former being a compar nt isies, and the latter @ compariſon 
of ratio's. The miſtake, edt in a great meaſure owing ts the 


— — n . — — — ang 2 — 
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That is, 


. | AI i or equality of ratio's, is thus expreſſed, a: b:: 
C3 . - 
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2. If the firſt of four quantities be exactly as great 
when compared to the ſecond, as the third is when 


compared to the fourth, the firſt is ſaid to have to the 


ſecond the ſame ratio which the third has to the fourth. 
Thus 2 is as great when compared to 4, as 3 is, when 


compared to 6. ; 


Therefore 2 bas the ſame ratio to 4, that 3 bas to 6. 

3. A proportion eonſiſts of two equal ratio's. 
if 2 2 the ſame ratio- to 4, that 3 has to 6, 

this equality or identity of ratio's is called Proportion, 


and the four quantities are named Proportionals, 


4. Two dots interpoſed between two quantities thus 
: ; denote their ratio, and four dots thus : :. denote. 
proportion, or the equality of ratio's. LY 

Thus, if a has to b the ſame ratio that c has to d, this proe 


- 


* 


N $- Of a ratio, the firſt term is called the antecedent, 
an 


the ſecond the conſequent... Thus of four pro- 
portionals, the firſt and third terms were antecedents, 
and the ſecond and fourth conſequents. 


6. When a greater quantity. is compared with a leſs, 


the ratio is called a Ratio of the greater inequakty ; when 


a leſs is compared with a greater, it is called a Ratio of 
the leſſer inequality, and when equal quantities are com- 
pared, the ratio is named the Ratio of equality. 


— 


— 


» — 


vague and 8 manner in which the terms have been de- 


in an excellent Mathematical 
at Ratio is the ion 


fined even by the beſt writers; fo, 
work lately publiſhed, we read, th 


which one magnitude bears to another magnitude of the ſame kind, 


with reſpect to vantity : and immediately after, „Proportion is. 
the equality of Ratios.” We need not be ſurpriſed if confuſed av- 


tions enſue from definitians of this ſort. 


a ad 


4 
. 
1 
1 
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Wu, 4: 3 4s 4 ratio of the r ineguality. 
3-3 - - teffer in equality. 
C28 _ 
7. One quantity is ſaid to be as another, or dire&ly 
as another, when one of them being increaſed, the 


other muſt increaſe, and when one decreaſes the other 
decreaſes alſo | 


8. One ouny is faid to be inverſely, or recipro- 
cally as another, when it increaſes as the other de- 
ereaſes, or decreaſes as the other increaſes. 


9 If the firſt of four quantities has the ſame ratio 
to the ſecond, which the third has to the fourth. 
Theſe four quantities are ſaid to be in Direct proportion: 
but if the firſt is to the ſecond as the fourth to the 
third, they are ſaid to be in Iavenſe, or Reciprocal Pro- 
portion. LY | | 


Thus 2 : 4 : 6: 12 are in Dire Proportion. 
| Aud 2: 4: 12 ; 6 Inverſe or reciprocal Propor« 


tion, 1 


10. A ſeries of quantities is ſaid to be in Geome- 
trical Progreſſion when the firſt has the ſame ratio to 
the ſecond, as the ſecond to the third, as the third to 
the fourth, and ſo on. 


Thus, 2, 4, 8, 16, 32, &c. is a. ſeries in Geometrical 
Progreſſion. ä 


11. When every two adjacent terms have the ſame 
ratio, the proportion or progreſſion is ſaid to be con- 
tinued: but when the conſequent of one ratio differs 
from the antecedent of the next, the proportion or 


progreſſion is ſaid to be di/continued, diſcrete, or diguncł. 


— 
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5 Thus, 2 : 4: 8, 16, 32, 64, tony nee im nt 
R.. bs I "* 


a2 34s 35:4: ts 8, &c. are in diſcontinued, 


or diſcrete, or dizuntt proportion. | 
To or more ratio's being given, to find à ratio equal to 

their um. ö N N | | 

| F : . *2ULE. 4 | 
Multiply the antecedents together for a new ante- 

<edent, and the conſequents for a new conſequent, and 

divide both by their greateſt common diviſor ; the 

quotients will be the terms of the required ratio. 


EXAMPLES. 


I. Given the ratios of 3: 4 and 5: 6 to find a 
ratio equivalent to their ſum, Eh | 
Firft, 3X5=15 the new antecedent. 
Then, 4X6==24 the new conſequent. 
| Therefore, 16 : 24 divided iy 3 the greateſt common 
diviſor, gives : 8 the ratio required. of | 
2. Find the ſum of the ratio's 2 : 3, 5: 1 and 3: 5: 
2 NK NK C= new antecedent, 
3 XIX USS new conſequent. 
Therefore, 30 : 15, or {dividing both by 15) 2: 1 1 
the ratio required. | | | 


* —_ 
_ 


— 3 


A Ratio which is compounded of two or more ratio's is called 
a compound ratio ; if compounded of two equal ratio's, it is called 

the duplicate ratio; if of three equal ratio's, it is called triplicate 

ratio; if of four, quadruplicate, &c. Thus the duplicate ratio of 
#tob is a® to 5; the triplicate #3 to þ3; the quadruplicate 424 to 

, Kc. Hence ſquares are to each other in the duplicate, and 

cubes in the triplicate ratio of their ſides or roots. 


» 
[4 
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3. Compound the ratios «:: , : 77 * 10 Ka 


4. Given æ : 5 xt wx: 35 . 


* 

To reſetve 4 given ratio into ta others, „ it 
given. | . 
R UL E. 


Invert the latter given ratio, and then multiply its 
terms into the terms of the former, the reſult will be 
the terms of the ratio required. 


EXAMPLES, 


1. Reſolve the ratio g: 4 into two others, one of 
which is 3 : 


Fir, 3: 2 inverted becomes 2 * 
aer 5X25=10. 1 
: 412 $ aubence the "required ratio 

310: 1207 5 : 6. 


This may be proved by compounding the ratio's 3: 2 and 
$2 8 thus, 


e 15: 12 org : 4 the wery 


fame as the given ratio, 
2. Reſolve 12 : 1 into two ratio's one of which is 
The latter inverted becomes 1: 100. 
Therefore, 12 X1=12 and 100X 1=2100 : c- 
quently 12 : 100 or 3 : 25 is the ratio required. 
3. Reſolve : 9 into two ratios, one of which is 


4 : 6. | Anſ. bx : ay. 
4. Reſolve 48 11 into two other ratio's, one of 


2 18 9 A4. 96: 1. 
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Tuo ratio's being given to find teu others reſpedtively 
equal to them baving « com common conſequent. 


RULE, 


Multiply the terms of each ratio into the conſe- 
quent of the other, and the reſulting ratio's will have 
a common conſequent, 


EXAMPLES. 


1. Reduce the ratio's 3: 4 and 2 2 5 to equal r- 
tio's having a common conſequent. 

The terms of the fit X 5 and thoſe of the ſecond X4 
.grve 15 :.20 and & : 20 theratio'srequired. 


2. Reduce 3: 8 and a: x to equal ratio's having a 


common conſequent. 


The terms of the 1, 1 and thoſe of the other x8 
there ariſes 3: 8 and 16 : 8 theratio's required. 


Reduce 12 4 and 3: 5 to a common conſequent, 
. Anſ. 5: 20 and 12: 20, 


4. 3 a: band æ to a common conſequent. 
Mnf. 4K 6z and ba : bx. 


THEOREMS in PROPORTION. 


"Theorem 1. If four quantities are-proportionals, 
the product of the two means will be equal to that of 


the two extremes ; and if three quantities are _ | 


tionals, the product of the extremes is equal to the 
* of. the mean. 
Thus, 73: 6224 1 B chen will 3K 8K 63 and if 

"1g . 6 W 6X6. 

Theorem 2. If four quantities are pro ionals, 
the quotient of the firſt term divided by 4 
will be equal to chat of the third dielded by the 
fourth. 


5 


a ts wo co 


Thus, if 3 ena 


Theorem 3. If four quantities are proportionals, 
the product :of the means, divided by either of the ex - 
tremes will give the other extreme. 


us if 3 63: 4.5 thennuill = = 


—3. 


= 


Theorem 4. In any continued geometrigal progreſ- 
fion, the product of the two extremes aud that of any 
other two terms equally diſtant. from them will. be 
equal to each other. 


Thus in the ſeries. 2, 4, 8, 16, 32, 64. &. 2x64 
=4X32=8X 16 being each = 128. 


Theorem 5. In any . 8 ſeries- 
the greateſt term is equal to the leaſt, multiplied into 
that power of. the ratio as is denoted by the number of 
terms leſs one, and the leaſt term 1s equal to the great- 
eſt divided by that power of the ratio. ö 


Thus in the ſeries 2, 4, 8, 16, 2 64. 2c 
* ts grigater- term, ny 5 % . that 5 — 
* . 


the kaff. 


Theorem 6. The ſum of any fared geometrical. 
progreſſion is found by mukiplying the greateſt term 
into the ratio, ſubtracting the leaſt term from the 
product, and — the remainder by the ratio leſs 
one. Or it is found by Eu- the ratio to that 


7 — UüÜ•—üUà . — 
® This Theorem is of the moſt extenſive application being the 
foundation of the Rule of Three in Arithmetic, and conſequent] y . 
Sy of all the 1 — which depend 2 Practice, — Lo 
l, and Gain, Barter » Exchange, Fell » Alligatiag, Poſytion, &c. 
* U 2: 


220 GEOMETRICAL PROGRESSION. 


power which is denoted by the number of terms, 
multiplying this into the leaſt term, ſubtracting the 
leaſt term from the product, and dividing the re- 
mainder by the ratio leſs one. * 


Thus, the ſum of 2, 4, 8, 16, 32, 64, ts eitber 


5 4 6.— | 
04 X22 ,, 2X2 2, being each = 126. 
2—1 2—1 


| - Theorem 7. If four quantities are proportionals, 
their like powers, roots, multiples, and parts, will 
alſo be proportionals. P 7 


Thus, if 2: 4 :: 8: 16, then will their ſquares, 
cubes, biquadrates, Wc, as alſo their ſquare roots, cube 
roots, Sc. their products, when multiplied into any number 
 ewubatever, their halves, third parts, fourth parts, Sc. 
be reſpettively propertianals, | | 


Theorem 8. If four quantities a, 3, c, d, or 2, 
6, 5, £ 85 be proportionals, then will any of the fol- 
lowing forms of thoſe quantities be proportional, | 


1. Directly, a:6::c: d, or2:6::5: 16. 
2 e fc. e: 1556 - 
3. Alternately, a: c::6:d...2: 5::0: 15 
4. By compoſition, a: a+b::c:c+d...2:8 
1 125 0. b ur lh £25 th M 


&. By diviſion, a: b—a 25 C8 Ae. „2124: 
; Nee „ 5 
6. Mixed, Sa: -a :: Ae: dc... $:4:: 


S g | 
7. Their/equi multiples, ra: rb :: c: d. . 3X2: 
| 3X0:: 5: 156. | | 


8 6 2 . 6 
8. h a > ih vim 5:99.38 
8. T eir like parts, = bv c n 
5: 15. 
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Theorem 9. In any continued geometrical ſeries, 
the firſt term * to the third, the duplicate ratio of 
that which it. has to the ſecond, to the fourth the tri- 


plicate, to the fifth the quadruplicate, and ſo on. 


Thus, in the ſeries, a, a, a, a, a*, &c. a has to a 
the duplicate ratio, to a“ the triplicate ratio, &c of @ to a*. 


4 


EXAMPLES IN GEOMETRICAL PROGRESSION. 


8 „en the toth term of the ſeries 12, 2, 4, 
, 16, 


| By theor. 5. er gi dee. 


1 


Let a denote the leaſt term, z the teſt, r the ratio, v the 
number of terms, s the ſum of the n, and L the logarithm 
of the quan al before which it ſtands ; then the principal theorems 
in oor hu 5 may be given in g | terms, as Lara 8 


S . = I; =, p 
Ea nant): gn] en] — 1 
; 2 = * f 
— "= == — 

3—2 


Ek . 1 
od os LL) 
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 - Required the roth term of the decreaſing ſeries 
2024, 512, 256, rob, &c, 1 
By theor. 9. 3224=1224=2 the anſwer, 
uf 29 512 1 | 
3. The firſt term of a geometric ſeries is 1, the 
ratio 2, and the number of terms 11, to find the ſum 
of the ſeries. 


By theor. 6. 2. — — 1==2047 the anſcuer. 


* 


4. To find the ſum of 12 terms of the ſeries 1, 3, 
9, 27, & c. | Anſ. 205720. 
8. The firſt-term of a geometrical ſeries is 1,. the 
ratio 2, and the number of terms 10, to find the ſum 
of the ſeries. HAnſ. 1023, 


6. A man bought a horſe, for which he was to 
give a farthing for the firſt nail, two for the ſeeond, 
four for the third, &c. in geometrical proportion; now 
there were 4 ſhoes, and 8 nails in each, what did the 
horſe coſt ? 42. £4473924. $5. 33d. 


7. To finda mean proportional between 2 and 32. 
By ibeor. 1. Va X32=4/ 04=8 for 2:8::8: 32. 
8. Find a mean proportional between a and 5, and 


between 1 and oc Arſe Hab and 100. 
To find any number of mean proportionals between twe 
ö quantities, 
| RULE, 


Divide the greater quantity by the leſs, and extract 
that root of the quotient whoſe index is 1 more than 
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the required number of means; this root will be the 
common ratio; then multiply the leaſt quantity into 
the ratio and the product will be the firſt mean : mul- 
2 this product into the ratio for the ſecond mean, 

this laſt into the ratio for the third, and ſo on till 
al the required means are produced; or divide the 


greater quantity continually by the ratio, the quotients 
will be * means as before. N | 


EXAMPLES... 
1. Find 2 mean proportionals between 2 and 128. 


, VV A the ratio. 
Then e the firft mean, and d N= ts As 


Therefore, 8 and 32 are the an e s required, 
For 2 : 8: 32 : 128 are proportional 


2. Find 4 mean proportionals between 1 and 243. 


Firft, = the. ratio, conſequently 1 X3=3 the 


fofh 3x 3=9 le. ſecond, 3 & 25 the third; 3 X29= 
81 the fourth. _ 
Therefare,. 3, 9s 27, and 81, are the meas propertienals 
required. 
Find 2 mean proportionals between 4 and 2c6, 
os Au 16 and 84. 


4 R 1 un, 2 and 


— 
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5. Required 5. mean proportionals between 1 and! 
64. : 45. 2, 4, 8. bee 


HARMONICAL PROPORTION. 

„Three quantities are ſaid to be in harmonical or 
muſical proportion, when the firſt has the ſame ratio- 
to the third, as the difference between the firſt and 
evo has to the difference between the ad and 
thi 

Tur, 2, 3, and 6, . 
2 6: 7 5 3—2 : 6—3. 

Alſo, four terms are in harmonical proportion, 
when the firſt. is to the fourth, as the difference be- 
tween the firſt and ſecond, is to the difference be. 
tween the third and fourth. 

| Thus, 3.: f.: 6, and 18, are 3 propor- 


Theorem 1. If double the product of two quan- 


tities be divided by their ſum, the quotient will be a 


harmonic mean proportional between them, | 
3 the harmonic mean between a and 6 Ga 


— 
A 


ͤ—9— 
— 


* The N of an ; Afithmdtical Progreſſion, are in Homo. 


nical Progreſſion and converſely. Alſo, if there be taken an 
arithmetical 4 mean, — mean between any two quan- 


tities, theſe four bur will l be in 3 proportion. 


4 following — we Wy 1 e — of = three 
kinds rtionals was firſt given by Pa c 
be the ft, —_ and third terms, then i is the he M 


Arithmeticals, 2: i} 
- Geamietricals, 4 2 12 c. 
Harmonicals, @ : c — 
There is alſo this remarkable difference 2 the three kinds 
of proportion, viz. that from any giyen number there can be raiſed 


a continued arithmetical ſeries, increaſing ad infinitum, but not 
decreaſing; while the harmonical can be Gecreaſed ad infinitum, but 


not ed; and the geometrical admits of bo 
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Theorem 2. If the product of two quantities be 
divided by the difference between double the firſt and 
the ſecond, the quotient will be a harmonical third 
proportional to the two quantities. 


00 the harmonic third proportional to @ and þ is 


2a—b 


Theorem 3. If three terms are given a fourth 
harmonical proportional may be a by dividing 
the product of the firſt and third, b che difference 
between double the firſt and the ſecond, 


Thus, if a, 6, and c are given, then the 4th — 


tional is 
oper 8 


EXAMPLES, 
1. To find a harmonical mean between 4 and 12. 


2&4 N 2 —90_ 6 
By tbeor. 1. qꝙ 2 2 oe the mean required. 
For 4 : 12 :: 6-4 : 12—6. 


2. To find a harmonic third proportional to 4 and 6 


4x6 ag 
By theor. 2. 1 the anſwer, 


For 4 : 12 :: 6—4 t. 12—6. 


3. To find a fourth term W. 8 
to 2, 3, and 6. 


By theor. 3. = 2 the anſwer. 


Xx2—3 
For 2: 12 :: 4—2 : 12—6. 
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4 general. view of the nature, farmatien, and roots: 
of Equations. 


A fimple equation is that which contains the un- 
known quantity in the firſt power only. 
A quadratic equation is that which contains the 
fecond power or ſquare of. the unknown quantity. 
A cubic equation is that which contains the third: 
power or cube of the unknown quantity. 
A biquadratic equation is that which contains the 
fourth power of the unknown quantity. 
An equation of the fifth pewer or degree is that 
which contains the fifth power of the unknown quan- 
tity; one of the ſixth degree contains the fiath power, 
and ſo on. | 
An equation which contains one power only. of the 
unknown quantity is called pure, as x*=ab a pure qua- 
dratic; ar = a pure cubic, &c. but if the equation: 
contains ſeveral powers of the unknown quantity it is 
called affected, adfected, or compound, thus x*+ax=b- 
is an affected, de or compound quadratic; x*—ax*? 
+bx=c an affected cubic, at+ax*+bx*+ix—d=0- 
an affected biquadratic, &c. | 
The root x equation is the value of the unknown 
antity contained in it, and is ſuch that being ſub- 
tuted into the equation inſtead of the letter denoting 
that unknown quantity, it will make all the terms 
vaniſh, or (which is the ſame thing) the equation 
will become equal to nothing. 
The roots of equations are either real or imaginary. 
Real roots are thoſe whoſe values can be known 
and underſtood, and are either poſitive or negative. 
Imaginary or impoſſible roots are thoſe to which 
no real value can be affigned, ſuch are the even roots. 
af negative quantities as y/—a?, {/—a*,. y/—5,. 
, &c. 0 
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All equations of ſuperior per gens are generated b 
the multiplication of thoſe of inferio N 
by the mul- 


Thus, a quadratic. equation is 
tiplication of two ſimple equations, a exbic equation 


by the multi plicatiom of three ſimple ones, a biquadratic 


equation by four ſimple ones, and ſo on. 


awry _—_— ſuppoſe the unknown quantity x to 


— 2 to a, 6, c, d, &c. that is, æ ga, vb, v. 
theſe, by tranſpoſition, become x—a=0, 
td abs, „c re, x—d=0, which being multiplied 
Sk we have 
x —a=0 
Xx —b—0 


This method of generating afteCte tions was Hſcoreed 
dy Mr. Thomas Harriet, and gi ven in * FI 
yab bliſhed by Warner in 1631. the Arithmetica Univerſalis 


allis's Migebra, Maclaurin's Algebra, and Dr, Hutton's Mathe- 
matical D. p. 89. 


we” 


——— — — 1 


— 
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In the above example, two ſimple equations (whoſe 
roots are à and 5) multiplied together produce the 
12 three ſimple equations (whoſe roots are a, 

, and c) produce the cubic; four ſimple equations 

(whoſe roots are a, 6, c, and 4) produce the biqua- 
dratic, &c. ? 
Hence it appears that every equation has as many 
roots, as there are ſimple equations which produce it, 
or as many roots as the unknown quatity has dimen- 
ſrons and no more; for if any of the roots a, 6, c, 4, 
be ſubſtituted for x in the above biquadratic equation, 
the terms will all vaniſh, and the whole become equal 
to nothing, which will not be the caſe when any other 
quantity beſides theſe is ſubſtituted for the root, 

It appears alſo from the inſpection of theſe equa- 
tions, that the coefficient of the firſt term in each is 
unity. 

The coefficient of the ſecond term in each is the ſum 
of all the roots (a, b, &c.) with contrary figns, | 

The coefficient of the third term in each, is the ſum 
of all the products that can ariſe by combining the roots two 


and tauo. 


The coefficient of the fourth term is he ſum of all 
the products that can ariſe by combining the roots three by 


three, and ſo on. | 
The laſt term is the product of all the roots with con- 


trary figns, and this reaſoning will hold whether the 


roots be poſitive or negative. | 
It likewiſe appears by inſpecting the foregoing equa- 
tions that the ſigns of all the terms are alternately + 


The firſt term is poſitive and ſome pure power 
of x. | : 
The ſecond term is ſome power of x multiplied 
into —a, —b, —c, &c. and ſince theſe quantities are 
negative, the term itſelf muſt be negative alſo, 
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The third term has for its coefficient, the product of 
any two of theſe quantities —a,—b,—c,—d. and is 
therefore pofitive, fince — X— produces +. 

For the ſame reaſon the next coefficient muſt be ne- 
gative, being the products of three negative quantities: 
and the next being the products of four be poſi- 
tive. | 8 
It appears likewiſe from the equations before re- 


ferred to, that avhen the roots are all poſiti ve, the figns of 


the terms will be plus and minus alternately; and converſe- 


ly, when the figns are alternately plus and minus, the roots 
are all poſitive, _ | 


Let now the roots of the above mentioned equations 


be conſidered as negative, that. is x=—a, x=—b, 


* -c, æ = 4, theſe tranſpoſed become. x +a=o, 
* Fg, x+c==0, x +40. and their product (æ 
(x+6) (x+ec).(x+d) will form an equation in 
which all the terms will be poſitive, as is evident, ſee- 
ing all the factors which produce it are poſitive. 


Hence, when all the roots of an equation are negative, 


it it plain there-can be no change in the figns of that equa- 
tion; and converſely, when the figns of all the terms of 


an equation are alike,. the roots are all negative. 


If an. equation be generated (like the foregoing) | 
having ſome of its roots + and others — it will ap⸗ 


pear that there will be as many changes in the _figns of its 
terms from + to — or from — to fat the equation has 
pofitive roots; and converſely, -the egquatian au have as 


many poſitive roots as there are changes in the figns of its 


terms, and all the reſt will be negative. 


It follows from what has been ſaid, that Quadratic __ 
Equations have two roots, which may be either beth ® 


poſiti ve, ot both negative, or. one affirmative and one nega- 


* 
ide. by - away oy — " . 
Wann $3 50) reer 
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Cubic Equations have three roots, which may be ali 
pſitive, or all negative; or two of them may be poſitive 
and one negative, Or two negative and one poſuitve. 


Theſe obſervations may be extended to Equations 
of all degrees, and from them-rules may be derived 
for folving thoſe equations. | 


Having one root of an equation given, to Ae! Ss equation 1282 
to a Oy degree, | 
_ RULE. 


Tranſpoſe all the terms to one ſide of the equation, 
by which it will becoche =o. Change the fign of the 


8 ———ů —ð —— 
- 
= 
ol - 


root and connect it to the unknown quantity. Divide p 

the given. equation by this compound quantity, and 
the quotient will be an _ equation 3 depreſſed to a 7 

lower dimenſion. | 

| NAS Ta to 
| EXAMPLES, 5 
1. Given one root 3 of the equation or + I 
26x—24=0 to depreſs it to a quadratic. ' de 
z) a e (x*—bx+8—0 the quad- 2 
* 3K | Tratic ove: wi 
—bx*+ 26x tio 
—be+18x th: 
/ 15 of 1 $x—24 1 
'Bx—24 3 Ne. 
6 N | 4 — 
2. Given x=2 in the equation æ& -g GY to titi 
. depreſs it. 5 n F 


&—2)x*—zx+6(x—3==0 the eg. required. the 


, 
E 


. { 


2. 


| RESOLUTION of EQUATIONS, &c. . 24» 


3. Given x=5 in the equation - IA C7 — 
154 ＋ 20 to depreſs it to a lower degree. 
Anſ. x*—9gx*+26x—24=05 
4+ Given x=1 to depreſs the equation aft—x'—1% 
* ＋49 * — zo . As. x -i. 


The RESOLUTION. of EQUATIONS of SEVE- 
RAL DIMENSIONS by APPROXIMATION... 


. ®* RULE. 


Find by trial two numbers as near the true root _ 
poſſible. f 


— 


® The rule is founded on this ſuppoſition, that the firſt error is. 
to the ſecond, as the difference between the true and firſt. ſuppoſed * 
number, is to the difference between the true and ſecond ſuppoled 
number, which though not accurately true in all caſes, yet it wil} be 
very nearly ſo, 


That the rule is true according to the ſuppoſition, may be thus | 
demonſtrated; 


Let @ and b be the two ſuppoſitions; A and B their reſults your : 
duced by like operations; it is required to find the number from 
which N is produced by a fimilar operation. 


Let x= number required NA, N—B=:, then by ſuppoſi. 
tion : R-: x—b; and by diviſion — :::: bug : 6, 


that is , ehich is the rule when the aſſumed quan- 


rs 
tities are both too little. 

Next let A and B be both greater than N, then N- A2, 
NB, but — : — :: LTi „ wherefore — ::: 


4-6: x, or 222 , which is the rule when both quan- 
7 — 


tities are too great. 
Again, let one reſult A be too little, and the other B too great; 
then will r be poſitive, and g negative, and in this caſe 
r+s: (-r or which is the an $32 db -x. 
2 


4 


5 
| 
| 
| 


unlike. * 


— 
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Subſtitute theſe numbers forthe unknown quantit 
in the given equation, and mark the errors which ariſe 
from-each of them.. _ | 


Multiply the difference of the two numbers found 
by trial, into the lealt error, and divide the product 
by the difference of the errors when they are alike, but 
by their-ſum when they are unlike, and add the quo- 
tient to the number belonging to the leaſt error, when 
that number is too little, but ſubtra& it when too 
great, the reſult will be the root, nearly. 

Take this root and the neareſt of the former, (or 


any nearer number) and proceeding in hke manner 


a root will be obtained nearer-than before, and by again 


PT —_—_— 
—_— 


= 


oo (anb):s Se * * 
en n. is the rule when errors are 


: 


Various 8 have been given by Stevinus, Vieta, 
Newton, Wallis, Raphſon, Halley, De Lagny, Simpſon, and 
others, but there is no method ſo eaſy and general as the above, 
which will reſolve the moſt difficult forms of Equations of all de- 
grees, however embarraſſed by ſurds, compound quantities, &c. 
without any previous reduction, and for finding the roots of Ex po- 
nential Equations, it is, perhaps, the beſt and eaſieſt rule extant. 


There have been diſcovered particular rules for Cubic and Biqua- 
dratic Equations as follow. | | 

A Rule for Cubics, commonly called Cardan's Rule, diſcovered 
firſt by Scipio Ferreus, in 1505; and afterwards by Nicholas Tar- 
talea, who communicated it to Cardan, by whom it was publiſhed 
in 1545. | 

A Rule for Biquadratics invented by Lewis Ferrari, about 1540, 
and publiſhed in Cardan's Algebra. | 

Another given by Deſcartes, in his Geometry, 2637. 

Another by M. Daniel Bernoulli, and _ | 

Another by Mr. Euler, both given in the Peterſburgh Att, and 
likewiſe | : | 

Another by Mr. Thomas Simpſon, in his Algebra, p. 150. 

But no general rule has yet been diſcovered for Equations higher 


_ than the 4th power. 


3 . 
th 


2,2 
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repeating the operation the root will be had ſtill zearer, 
and ſo on to any degree of exactneſs. | 

Having found one root, depreſs the equation by the 
preceding rule, and then find another root; depreſs 
this laſt equation, and find a third root, and fo on till 
the equation 1s brought to a quadratic whoſe roots may 
be found by the rule for Quadratic Equations, 


rt EXA MPLES, | 
, 1, Given x®*+#*-+x=20 to find the roots, or values 
OT x. © | | 


Here it will appear that x is ſome number between 2 and 
3 Mme thoſe numbers for x, and the operation will fund 


thus ; 


17 Suppeſition, 24 Suppeoſition. 
tin — OY | mg” 3 
8 — „ — 27 
14 . Sums ... 25 > 39 5 j 
—6 . $ E "REM +19 


The fum of the errors (19 6.) Sag. 
Difference of numbers ſound by trial = 1. 
Leaft error = . | 
Ther +] 2b, PR EG 2 
efore 5 24 is the correction, and x= 


2,24 nearly, 


a 
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Secondly, e e 8 and +. 14h 


the operation thus : | 
„% 5 
; 2,2 <%.. | * — 2 0 a. * 2,3 | | 
: 484 +» «+.» 529 
"INOS n „ SH 
| 1 inn | 
| I 7,088 . y 9.7 Sums #* ©» 19,757 
25312 - 418 0 Hut 23 


Their difference (=2,312—0,243)=2,069, 
Diference numbers, , 1. Least 2 


B | 2 1134243 — 501 174 ts the torreAljon. | 
| 


cog 
| Aud x = (2,3 eie) 32154 — near. 


Nor in order to find the other tauo roots, depreſs the given 

DB equation. We have x*+a*+x—20=0 for a dividend, 
| and x—2,311742 for a diviſor ; but becauſe the ſecond 

and Ar decimal figures i in the diviſor are ſmall, and the 


; work, only an approximation, æ—2, 3 may be uſed, * the for 
| reft omitted, thus : | 
| | | To * T= 2 oy „eee a gua- up 

b : [ dratre, os” a 
| | 22 b 
| „ $4 t 3,3 Ke b 
. e pu | 2 ig 
1 ; * | | $,595—20 | * 
5 8,59 —19,757 : | 
— 243 Hh 


P > — re 
= 


- 
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"The taboo roots F this equation l 
being found by the rule fer gala, n 
558675. 

Wherefore the Moves "Hal of the given equation are 
2,311 71 eee eee e 
rear ly, the two laff of which are impoſſible, 


2. Given 2 2x*+ 3x*+4x=270 to find Xs 


— 
9 


— 
1 


0 Let 2 and 3 be the ſuppoſed numbers, then, 
1/t Sup. | 
12 — 3ͤ — 27 
16 — 2 — 31 
S2 * Suits 174 
—18 wb 03... Errors N a +104 „ 


— 


122 
a „ nearly. . 


Now for a nearer approximation ke 2,1 x and 243 be the 
mum and we ſhall have, 


3d Sup, . | 4b Sup. wo 
R . | 9 „ 8,8 | 
13,23 8 . zæ 2 „ * 14,52 


1 8 


18,522 „4 - 21,296 
19443. „ 23-4256 | 
A 68,0416 | 
. —lgsB4 


—ͤ ä —b — 


86 RESOLUTION of EQUATIONS, &c. 


x Diff. numbers (=2,2—2,1)=,1. . 
© Diff. errors (=10,3999—1,9584)=8,441 5: ] 
| Wherefor e% g= 0232 the correction. 

I 


7 
Ir dence x=(2, 2+,0232=) 2,2232, and 25 de- 
areffing the equation, Wc. as in the Jorg . the 
otber roots will be obtained. 


. 


Let 3 and 4 be the fuel nue. 


Tf S. : os er. 
316227. J 412310 
3, 71662. . % 24K 424264 


9,9429 9 Sm. 132.72463 


2 Errors + $2:72463 


— 


; Ir bergfor e : De = ogos 5 the ele. 5 
And x=3,0205 nearly; and by repeati the o 
ration 4 nearer value of x will be obtained. * pe 
4. Given x*+20x=100 to find x. 
 tinfſe, æ 4, 142135. 
5. Given N e 5 to ind . 
Au. * 2,0942 51. 
6. Given „ iceso to find æ. 
Au. 264449. 


7. | Given er ioo to find x. 
| Anſe #= 3,0896. 


3. Given Vie = + Ae 10 to 
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8. Given x*—=3x*—75x= 10000 to find x, | 
0 Anſ, æ 10, 261 6. 


9. Given zT Ar g 54321 to find x. 
_ *. 4144 


10. Given — 2 . 6 +> 4 to find x. 
x 10+;x+x* 25 
* | 


11. Given EI FF FTE = 6,5 to 


find vs, An. & 23,036. 


e ROOTS. 


To extract the rest of any pure power in numbers by 
approximation, | 


RULE®, 


Let N be the given power whoſe root is required, 
u the index of that power, x the root required, 


* Kn 


— — 4 


. Demonſtration of the rule. Let W number, index 
of the power, neareſt rational root, v remaining part. x=y 


+x = true root, 
Th | 3 = A „ v*+, &c. 
en N r | 2 r % 


— Þ 3 
And r &c. where rejecting — V3 on 
* 8822 7 2 F 


N 
account of its ſmallneſs, v may we conſidered as nearly — — 
5 
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Find by trisls a number nearly equal to x, and all 

it v, and let its power (which will be nearly equal to 

N) be called A, then will (a1) A+ (— 1.) N: 

(x+1) N+(#—1). A: : 7: x nearly; or which is the 
thing, N 

* 7 (＋1)N4-(—1). A 
| (AI). A+(4—1)N 

| To find a nearer value of x, put r = the value of x 

laſt found, Ar its power, and repeat the operation 

as often as may be thought neceſſary, =__ | 


Vr nearly. 


9 EXAMPLES, | 
1. Let x*=18 be given to find the value of x. 

1 Here N iB, n==4. Let 2=r, then (a\=) 16 
6 | | 


—_—_—_—_ 


But Nr" nr D nlp TIE + . 1 4 
4 — | 
—_ 1 
_ N vñ and by ſubſtituting the former value of v in this 


equation, we have N : -( = N Xv 
| | 2 r 


FE, E) ( . x ) 


2 
n) 
' (N— Var | | 
D. n = Pay „and r + v (=x) = r + 


2 "8 
A — ——— f 
. (Nr ) . . - 4 r which is the rule. 
2 —— — Ants | 
Fi „N nfs forN | 
This rule is preferable to the formulæ given by Raphſon, Halley, 


2 and De Lagny, and will be more eafily. remembered; it was in- 
J vented by Dr.- Hutton, and publiſhed in his Mathematical Tracts. 


— 
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[Then (n+) A=; Xx 16=80 
(#—1)-N==3 X18=54 2 


— 


Their. ſum 134 


Ah, (n+1) N=5x18=90 
B's . X 16248 


Their fn 1 


Thertfore, 134 : 138 : 2: &. 
Whencesx= axiz3 276 ==2,06=the root nearly, | 


| 134 134 
2. Let æ r zoo be given to find x. 3 
Here NS zoo, n= 5; aſſume VOTE then 13=). 


243=A. 
(+1). A+ (-i). N 6X243+4X300 = = 


1458+ 1200=2658= firft term. 
(n+1).N+{(n—1).A=6 x 300+4 X243=1800 


+972=2772=/econd term. 
Therefore, 2658 : 2772 :: 3 2. 1 
Whence x= — — X 3ZÞ12 nearly, | 
2058 
Now in order to find a nearer value of x, * 75 


33 
Then (35 T2 =)295,64665, &c. =A, and 
(I H). A ( I). NGN 295,64665+4 X 300 
= 177387999 + 120 2973-8799 = the At 
term, 
(n+1).N+(x—71 e Pant! er 
= 1800 + 1782, 5866 = 2982,5860 = = 


n 
— Q- — > EE Er Rs ere Ot tt > 2s <A GIEEN IRERE 
by 
4 
a 1. - 4 
" A 1 
| * 
- . 
1 : 
, 
* p - * 
4 7 
' 
: 
* 


ne PROBLEMS. 


. Given sieg to find x, 


_— 


Therefore 29738799 : 2982,5866 : + 3,12 : 1 
15 1 2982,5866 „ 


| 229738799 . 
reot required extremely near. 


3s Given nx\=90 to ſind the e Fr. 
Anſ. #=3,08: 07. 


4. Given 10 to end 4. Anl. n, 16443. 
5. Given x*=2 to find x; Anſ. x=1,148699, 


45% $=54254037- 


» Extra the 6, 0, 8, and g® roots of 2. 
Aus. 1, 122462 1204089 —_ ogg os and 
ee rſpeive! ely. | 


A WEIR BL Ms, 
dil the Methods of reſetving Fi printed out, © 
1. What number is that Wbt half; third, fourth, 


and ſixth parts being added together, the ſam" exceeds 


the given number by 1? | 
Let x=the number, then 2 1 12 wi 
| 3. 


* 


9 I nolich cared of frei &c. its == tbe 
number required. 1 f 


'X 


2. To divide the nomber 72 into 3 parts, 00 that 


the firſt may exceed the ſecond by 10, the ire by: 18, 
and the fourth by 20. 


Let x the firſt part, then x—10==/econd, 2—18= 
_ third x—20=2f/0u7th, and their. 4. e 72, 


Vene — 30. 


„ = Wa = the. 


+ @ 


p 
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3. A perſon being aſked. what o'clock it was, an» 
ſwered t at the time which had paſſed from noon was 


equal to } of what remained till IE what was 
the hour ? 


Let x the tiene from noon; then 12—x= "time re- 
. maining to miduight, whence x= 5 * (12—#) = 


30=IX (which reduced) AI, or half paſt four in the 


afternoon. 


4. The paving * A ſquare at 2s. a yard, coſt as 
much as the incloſing it at 5s. a yard, the fide of that 
{qu are is required, 


| Let gd, qx=yards of inchſure, rc yards of 


pavement, (4x X 5 =) 20x= price of inclofing,(x* X2=) 
2x*= price of paving, bence 2x*=20x and x10, 


5. Out of a caſk of wine, which had leaked awy | 
one third, 21 allons were drawn; and then, bei 


pange , It was wand to'be hae Balls how much did it 


Let x=No. _ = heaked, whence * man- | 
| tity taken away. 
Therefore 1+ = and . | 
6. After A kad won a ſhilli ng of B, he had as many 
ſhillings ag B, left; but had Bw won a ſhilling of A, he 


would have had twice as many as A wo have had 5 
lefty how many had each? | 


V 


* . 
. 


2 "PROBLEMS. 


"Let = A's, 'y=B's, then pay; += 
4 —1 X2=) 2x — 20 y=x +2 (Eq. 1) = = 2x —3 


(ZZ. 2) 725, J=7*+ 


5. A labourer engaged to ſerve for 40 days on theſe 
- conditions, that he/ſhould receive 2cd; for every day 
© he worked, and farfeit 8d. for every day he did not 
work. Now at the end of the time he received £1. 
17. 84. how many days did he work, and how many 
was he idle? 

Let x= No. of days he wor bead, — idle, 
(20Xa=) 20x=/am earned; (ANB 320— 
8x=/um forfeited, 203 20——8x= 350d 4 1. 1 1. 8) 

_ * 25. r 15. 


8. Four perſons, A, B, C, and D, divide 1944 
guineas, their reſpective ſhares were as the numbers 
2, 3, 4, and 5, how many did each receive? , 


4 
h 
n 
T heir fum 141944, * 2138 18. | x * 
9. A drap er ſold 4 of a piece of cloth at gs. 4 of it 
at 45. and + of it at 4s. 6d. per yard, for which he re · 
ceived eight guineas. How N did the piece 
contain ? EL | 
Le err a * 
Sr bs. | 
> Or 1 5 Abo. Wo 
— do 


, Rs aps ”— plc 


PROBLEMS. - ; ai” 


9. When firſt the marriage knot was tied. *s 

Betwixt my wife and me, * 

My age to her's we found a greed, - 

As nine doth unto three: 5 5 

But after ten, and half ten years 

We man and wife had been, 

Her age approach d as near to mine, 

As eight is to ſixteen. 
Now tell me, if you can, I pray, 


Our ages on the marriage day. © _ rg oaks 


Let x mav's ages o. 3 * mee, 
* 


3 


l pes 1 16: Ga : i xo to= 
— -F 


0 2 Ag. 2 18. 


11. A bare is go leaps before a greyhound and takes 


4 leaps to the greyhound's three: but two of the grty- 


hound's leaps are as much as 3 of the hare's; ho - 


_ leaps muſt the. W the 
re? | | | 


Let a=grohmnd's leaps, _— hare's in the Jour time, 
3241 n D * dut * - 
hy bae ps in the ally of: 2-3 3 :: &'2 $0. 

+£ Ge) rue 100+ = =3x. 


* r 390, y=400. 


12. Bought 3 books whoſe prices were as 12, 5, - 
and t reſpectively, now if the price of the firſt be 
doubled, the ſecond trebled, and the third quadru- 
pled, the ſum of theſe * as much exceed co ſhillings, - 

2 


** 


* 


as the * of me prices of the 


* . 
b 
, 
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and Wade js 


below 25 ſhillings; what did. each coft ? 


Let 12x= price of the firſt, then S prite of midille, 
X=price of aſt, 4 43S —0DﬀZ=25—178 . AIST 


5 34. gx==bs 34. 12 155 


13. A man and his wife uſually drink a caſk of hier 


in 12 days, but when the man is from home, it will 


laſt his wife 30 days: In how. many days would the 
man alane be drinking it? 


Let x= No. required. . oo 7 28 


© drank by the man in 12 days. | 


30 £3751 13 3 25= part drank by the woman in 


— 
— — 


1 days. 4 =l, whence ss. 


| 14. A Seek os bis der we £6; 


a year, and his livery, was turned away at the end of 
months, and received £3. * 44. es his ad 
hat was its value? 


| Let value requireds Ca. 35. A 15 
; months C8. L* :: 7 months : —_ whence = 


* ” 
— . 
7 


15. Two ſhips laden with.» wine failin ing throngh a 
muſt pay toll according to the quantity each has 
on board; * has 250 hogſheads, out of which were 
iven one h and 36 ſhillings; B has 400 
and gives 2  hogſheads, receiving back 


i 


| I 


— IF „ 


8 What was the wine valued at per hogs- ; 


Let maker, A paid +36 Gil. B 2x— 20 
ill. 250 : x+ 36 :: 400: 2x— 20 loox =. 
19400, a=194=L9 14. 

16. Divide 72 into three ſo that half of the 
firſt part, one third of the ſeeo and one fourth of 
the third, may be equal to tack . 

Let a firſt part; zæ x= ſecond, 4u= third; 

Their fum =<04=72*.' x=8. 

17. A market woman bought a certain number of - 
eggs at 2 a penny, and as many at 3 a penny, and fold - 


them all at the rate of 5 for two- —_ and by fo do-- 
ing, loſt 44. What number had 


. Let x= No, of each fort, then = —price of firſt fort, * 
25 = ditto of ſecond fort, 5:2 1 (Ne. da, 
eng $ for tawe-pence,- 


- 18, To divide go into 4 parts, ſo that if the firſt de — 
increaſed by 2, the ſecond diminiſhed by a, the third 
multiplied by 2, and the fourth divided by 2, the ſum, 

diffetence, product, and quotient, will be afl equal to 


each other. 


Lat -a firft part, then * —= 
third, 2a fourth, and he fr ge 90. * x 


=20. 


Y 3 


-_ 


* 


26  - PROBLEMS. 
. 19. There 15 a number conſiſting of 2:figures, and 
it is equal to 4 times their ſum, but if 18 be added to 
che number, the figures will change places, that is, the 
firſt will ſtand laſt, and the laſt firſt; What is the 
number ? N 22 "BM 
L. == g. in the tens place, y= that in the wnits 
ten 10x+y=:the No. +. 1 (& ＋ ) — 
4 +4), ao lo y i = i r . =, y=4, 
10 x+y=24, Io == 42. "yy : 


20. Two men ſet out from the fame place and travel 


the ſame way, A goes 1 mile the firſt day, 2 the ſe 
cond, 3 the third, and ſo on; B ſets out 5, days aft 
A, and travels 12 miles a day; how long, and how 
far will A have travelled before B overtakes him.? 


Let x= number of gays A travelled, x—;= the 
number of days B travelled 12*— fo miles travelled 


N = IE =miles rravelled by A. + 


—.— == in4—ba,"x=8 day, 126036 tniles. | 


ö Bought cheeſes for C10. now if 5; more eould 
have been bought for the ſame money, the whole 


would have coſt C 1. a piece leſs: How many were 


there ? 
| e "IE > 


22. Sixty thouſand ſoldiers were placed in the form 
of a reckangle, whoſe length was to its breadth, as 3 
to 2; how many men were there, and how many acres 
of ground did they occupy, allowing 25-yards between 


WO” CLOWN 


* 


PROBLEMS. 47 
£42: Los ee af cus f ; then 2x= ditto 
| PERS" 9 (3xX2x=) 3 X— 100, | 
300=length, 2x = 200==breadth, Alſo, (300—1) 
2, 75 822, 25 yards in length, (2001) X2,79 
=547,25 yards in breadth *.* 822,25 * 547,25=- 
4499703125 Square yards = neee 
92 A. 3 K. 35,2499 


23. Find 2 numbers ſuch that the ſquare of their 
product added to their 4th powers, will make 34048, 
and the ſum of their ſquares added to their product, 
a 6 

Te «- and 1 „ numbers, then * Cr +» I 
34048, and æ er dividing the 1ff 
24, wwe have „- + =112, and taking this ow 
the ſecond, leaves 29 192 * xy=96, add this to the 
24, and Jubtra# it from the 3d, whence A 2xy+y* 
==400 and x —2 9 =10 * = x—y 
=4&*.* #=12, . 
24. There is a number from the cube of which | 
times its ſquare being ſubtracted, the remainder <3 
exceed 3 times the ſaid number by unity: What! is the 
number ? 
Ter æ number, then x*—13x*=3x+1, or | 
w=3x+3x+1, add x* to both fides, _—— the 


cube root, e . 


9 What 2 numbers are thoſe whoſe product is 
and the difference of their cubes. * 3 ID 


| Let x=lefs, then greater « 21 2 — 


Sts . . 1 dhe. 


| FROBLEMS: 


182 (760 =)r 1881= $4756: * = f 


eee ens, 
26. There are 3 numbers in the Geometrical pro- 


grefion whoſe-produdt is 216, and the ſum of their 


eubes 1009. What are the numbers? 


Let æ, xy and xy* 3. the numbers, then a =216 


eg +#"y*=100g, From the N 72 urig ; 


| 1 in the 24, and ®+216+ 4 — 1009. 
. —46656, comp. 1 Kc. 
306, 1105 56,25. | 

TIONS 216 EM 


22 
8 


| Wer — s whence the members NT and 9. 5 


27. Of four numbers, the ſum of the firſt hve is 
23, the ſum of the two firſt and laſt 13, the ſum of the 
firſt and two laſt 20, and the n of the l wn is 


22: what are the numbers? 


Let x, , 253 one 8. repreſent the numbers, and 5= 
- #heir Jum. *7 


— 


Thes 1 ry, — 20, 2, | 


aud their ſum er,. 
0 $=24, ſubſtitute this ine of 8 in the four 
fot eq. and 24—w==13 *. =I; 24 —2=17 


„ N; 24>9=20 ” l 24 — 822 on 
*. 


! 


% * 
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GENERAL PROBLEMS, 


A General Problem-is one in which all the quanti- 
ties known as well as unknown, are repreſented b 
letters; ſuch a general repreſentation is of the greate 
uſe, for by this means the ſolution becomes univerſal, 

' fupplyiog a rule for every particular problem of the 
ſort, that can be ger 1 | r 
The proceſs by which the value of the unknown 

antity is found, is called the ANALYSIS, or 
— ALYTICAL INVESTIGATION of the pro- 

3 | ; 5 

HFaving found the value of the unknown quantity 
in known terms —the ſubſtituting this value in this 
given equation inſtead of the unknown quantity, and 
proving that the quantity fo. aſſumed has the proper- 
ties deſcribed in the 1 is called the .$YN- 
6 or SYNTHETICAL DEMONSTRA- 
The tranſtation of the value of the unknown quan- 
tity (in known terms) out of algebraic into common 
language, in which the relation of the quantities is 
ſimply declared, is deducing a THEOREM, but if 
the tranſlation be made in the form of a precept it be- 
comes a CANON or RULE*. © 


l 


WV * 


* A Theorem and Canon deduced from problem 1, may be as 
follow: | | ' 
THEOREM. Half the difference of two numbers added to half 
their ſum, is equal to the greater; and half the difference ſub< 
tracted from half the ſum is equal to the leſs. 4 
CANON or RULE. Add the ſum and difference of two num- 
bers together, and divide this ſum by 2, the quotient will be the 
ter. N ; : 
* SubiraRt the difference from the ſum, and divide the remainder 
by 2, the quotient will be the leſs, = 
In this manner Theorems and Rules may be deduced from every 
general algebraic proceſs ; moſt of the intricate rules, in arithmetic 
and other branches of computation, have been found. by fimilar- 
methods, See Ludlam's Rudiments Þ 99+ 
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250 GENERAL PROBLEMS: 
"3 What two numbers are thoſe l ſum i is and 


difference 4? 
Retna = the grearer, y ax ate ty 


Then x +y=s 
pl ea the problem. 


ener, ; by adi, 1 ae. 


-_ 


| ad ly pri, rd; e 


We . 


| Breauf ＋＋ nd — are tbe guantitiat found by- 
1 aral, fe 2 them in the given N Aar q 


＋ 
= 


of x and . therefore x+y=s becomes 


i. axd 4 A becomes A e 220, aubere it 


S. 


. 10 be other ved, CC 


guantities, the reſults (i and d. are the uery ſame as the 
problem requires, which-is. the proof. | 


2. Divide a given number a, into two parts, called - 
"x and y, fo. that» times æ added to: times J, may 


make ſome other given number 5, 


9 


Her⸗ x+j=a,. and ru Lb, from: the Ar | 
ax, and == aux, ſubſtitute 1his for I in the latter, 


- and TSR b, whence Tx=—5XZb=—as, and 


-a, ar—=as bogs. 


— bas 
. 


71. „ „ 


-” „ 
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Example. Divide 32 into two parts, ſo that 3 
. the greater added to 4 times the leſs will give 
10 


Here a= za, z, 5, B08. = 
bas —108—4 X32 108—128__—20_. 


— — — — 
1 3—4 — — 


| — 


2 — D = 


SERTABIrS. Firſt, bay end rm — 
y—s 


Da, then ren br=—ars 
— 1 | 


ar—b _ari—bs en anbeors — * 
| fans „ 


—  , Fawng 


2552 


— 


3. To divide a wen amber @ into two. duch 
brd, that one may be to the other as v to 5. 


(Letts E atk, then x+-y=a, and x : y :: 


1, wherefore ix==ry, and from tbe former y=a=—x, 


 ewhence, by Bis * ar —rx, conſequently rx aa 


Scr, and x= A, whence J(=a—a)=am = 


| r+s r 
ar. —- ar as | 
— — — — — c 
r+5 rþ+s 


Example. Let 20 be divided into . which 


are to each other as 3 to 2. 1 


Here a 20, =, , ==, —20X3 —. 


— = GO) and 5X. 


P. Jia 5 
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srurugen Fir, CE REI ms, 


* * 1＋. . 
Then, « a : ar: 44117 24. * 
. 8 * 4 | 


4. Given the ſum 45 "ang the ſum of the cubes 3, 
of two numbers x and , to find them. 


Here x+y=5, and x*+y?Zb, from the firſt y=3—x, 
whence y*=5i—3fx+35x*—x*, ſubſtitute this in the 


_ ſocond, and H—35 "x+ 35x* =, whence e 


S-, or 3a*—3f/x=b—f, wherefore x*—5x= 


8 7 and 240g; the Auare * 


- oh 


| = fubſtitate — for the known. fide of this equation, and 


1 wi OH * 3 avhence r 
N = 
R. and — alſo Hs) = R.. | 
2 / 66.08 : Toca | 
2 2 
* N 1 and R ä wwhenee, by 
4 35 & 3s 
making * gy ow * ai be = FR 
2 


Example, Let the fum* of two numbers be 6, and 
te ſum of their cubes 72. | 


"Here b, Iba, R e eee, a 
2 | 


R=2, whence EEE and 2, the numbers 


 raquired, © Pet Wt” 


* * 
. 
At. Ws ea{ 
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5+R, —R. 25 _ 


| 2 2 2 


Ties, EM + MP COR ROK? + 
1 ASA 8 
RA 3-R*—R3 —253+6/R* 53 +3R% 


— — — 


—— — 


| 8 8 4 
reſtore the value of 35R* (=4b—5?) and . 
4 


— 
4 


| +The method of regiſtering the ſteps of an operation. 


The regiſter is a method of pointing out from 
whence any ſtep is derived, and by what operation 
it is produced, by means of ſymbols placed oppoſite 
in the margin. TY | 2 
The mark @- denotes involution,  u« evolution, 
© Do complete the ſquare, tr. tranſpoſe; and in the fol- 
lowing example the firſt column contains an explana · 
tion in words, the ſecond the ſame in ſymbols, the 
third the number of each ſtep, and the fourth the 
algebraic ſolution; alſo, in the regiſter, the figures 
1, 2, 3, &c. denote the firſt, ſecond, third, &c. 


id 


—— 


4. 
— — — — * 


2 From theſe ſpecimens the learner will ſufficiently underſtand 
the method, ſo as to be able to demonſtrate the following problems 
ſynthetically without farther aſſiſtance. | 


+ This method was firſt introduced by Dr. Pell, and on by 
him in Rhonius's Algebra, printed at London in 1668. In long and 
| intricate computations it will be found much more convenient 
chan verbal references and explanations | 
2 
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ſteps; but a figure with a daſh over the top ſignifies 


-a.number ; thu 
the number 3. 


SXAMPLE, 


* 
5 


Ex planation. 


_S 'Gaven 


5 ; 
Given in the problem. ; | 
1 2 
abe I H. 
Multiplying eq. 3-intoh 4 
a =: i 
Involving eg. 2 to the ſquare . 
daher f 
Dividing . 6by y — 0-» | 
Equating the 4th and tb . 
Multiplying f ; e. into-y -. = 
Multiplying eg. 9 into. 
2 þ:0 06 04 
Tranſpoſing in eq. 11. 
Completing the y in fa. 
Extrafting the ſq. ro0t in eq. 130. 


Regiſ./No] 


s, 3 denotes the zd ſtep, but 3 denotes 


d 


+= and uy 2 to find x andy, 


I 


8 


. Tranſpoſing in eg · T4 + » © + © | 


Me 
y 2— d — 


1 


— 4 | 
; . 
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6. There are three numbers in geo 
portion, their ſum is (74), and & 13 of fun of thi 
ſquares 6(1924), what are the numbers? 


the prob. }-| 2þ#*+9*+22=8 
3% 29 2 2 

N 2 * 

1 — ＋ 


- 4X2 XZ =2y* 
6+7 | ve? Taæza-EA= =b+9* 
©-2 9 * +2x2+2* =s 2 * 


4 X — N ; | 
I4uuz ſis bak gg 
5＋15 . 24 =3—y+1/ i 


A man e at kak won at the feſt throw- 
by as much money as he had; he won the ſecond 


throw the ſquare root of. what he then had, and 52. 


more; the third throw he won the ſquare of all he 
then had; after which his whole ſum was £1 112, 16s, 
how much. had he at firſt? / 


_ 
— 
% 


— 


6444 — + 


* 
— —— ? ¶ , ,, TIT m—on_— oo 2 5 
—— — — 133 2 — ” 


. * 17 
— — 


' 
' 


= ſum- after 1* throw. 
+5 = winnings at 2* throw, 
x*+x+5 = ſum after 20 throw. 
z=X*+x+5 


. W Pp 8 Fg threw. 


Whence 


— 


2 
13 eb 3 . — 2 lle 
1 
AE —=t 9 
5 
lem == | 
2 2 
198=4/2 —=zL 
17/R=4/ r 
18 8.1 2 R.-21- V. 204 ＋I—21 2 
2 3 8 
=4/ 24/ g025—21—1_4/ 169—1__ 
3 2 
12 | 
[fE=16=18 puts 


1 he learner approves of the regiſter, he may y perfect himſelf 
J following problems, to which 


in the uſe of it, in the refalution of the 


n n 


ce 
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8. Having the Principal, Rate per Cent per An- 


num, and time given to find the ſimple intereſt or 
amount of any ſum, as alſo to find each of the others, 
| (viz. principal, rate, and time) by having any three 
of the remaining quantities given. | are 

Let p= principal or ſum lent, r= ratio of the rate per 

cent. or the intereſt of 1. for a year, t=time.in years, 
or parts of a year, a=amount or principal and tntereſt 
together, then 1 :7 :: :p = the intereſt of p 
Pounds for a year, likewiſe 1 year : pr: : f years pri 
the /mple intereſt of p pounds for t years, at r per cent. 
per annum, and if p Fa added to-this, the ſum will be the 
amount, which is expreſſed in the following theorem, 


| THEOREM 1. a=ptr+p. 
From whence by tranſpoſition we get the fallowing, 


*THEOR! E 4% 
THEOREM 2. P Ir + 
THEOREM 3. r= . 


- 


THEOREM 4. 2= — 


a » EXAMPLES, 
1. What is the amount of za. for 3 years at 4 per 
_cent per annum? A SY 
Here p=320, r=,04 tz. 
Whence by Theorem 1, 320 X.3 X, 4 ＋ 320 368,40. 
=L£ 3588 the amount required,” 
2. What principal being put to intereſt at 5 per cent 
per annum, will amount to £1000 in 12 years? 
Here r= O05 a=1000 t=12. 
23 
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258 


And Theorem 2. — =—= = £625. the 


5 12 12 405 +1 156 
frincipal required. we. 
3. At what rate per cent. will £210, amount to 
£399- in 20 years? | ; | 
| Here p=210, @=399, 20. 


399—210__ 189 bin 
end rene 210X20 42 7 NI * 
per cent per annum. © | 
4. In how many years will £230, amount to £399 
2144 per cent per annum? 


Here p=210,=399,' r=,045. 


And Theorem 4, 22 2. 20 ars. 
© Þ 220 X,045 9,45 2 

9. To find the diſcount and preſent worth of any 

iven ſum of money payable ſome time hence, having 

e rate and time given. 

The given ſum may be confidered as the amount of ſome 

Principal ¶ called here the preſent worth ) at the given rate 

time. 


2 5= given ſum, f r ar is the preceding Prob- 
Then will I gr i the amount of 1. hence 
11: 1:2: mien 


| * 
| And 3 
2 r * 
EXAMPLES. 


1. What is the preſent worth of £405,10. due four 
hence at 5 per cent per annum? 
ce 3$2=405,5, 14, ,o. 


GENERAL PROBLEMS 2% 


3 405,58 — — 
1 er 1+4X,06” 1 9166, Ke, 


£=£337918,,4=preſent ub required. 
2. What is the diſcount of £150 due 9 months- 
hence, at 5 per cent per annum ? 
. Here s=150 t (o menths=);754 , og. 
Ang ML _ 150X756 X,05 - $4625 2 
i+tr” 1 „05 75375 th — 
 ={/$,48,,5=the diſcount required. 
10. To find the amount of any ſum of maney at 
Compound Intereſt. . 


Let p=principal; r==ratio of the rate per cent, R= 
rr 1 1 time, (as 1 year, Oc.) 


az=the whole L, logarithm, 


"TOW whence the following theorems are deduced, 
by which having any three of the above quantities 
« Soy the reſt may be found. 


. THEOREM rt. 2 


Canon 3. R 1 5 


+*THEOREM 4. A 


The example nding on this 8 GT 
kexrner aer depending on | arithms. N 


EXAMPLES. 


r. What is the amount of Jong for 4 yeary at 
ð per cent per annum compoun intereſt 


Here p=g00 t=4 R=1,05, and 


Ther. 1. a== 500 * 1,05 63h =607,753125= 607. 
74 5. o 


2. What fun at 4 per cent per annum, 3 
| intereß, would amount to 200%. in 3 years? 


e R =I, og, t=3, and 


2 157. It Wy 
3. At what rate per cent would £500 amount to: 
£ 578. 157. 3d. in 3 years, compound intereſt ? 
b a = 578, 8125, t=3, and 


Theor, 3. * 2 V1,157625= 1,05. 


Whence r= an 1 cent per annum, 


N 4 In what time will £225. amount to £260. gs; 
23324 at 5 per cent per annum compound intereſt ? 


| Here a=260,465625, þ=225, R=1,05, and 
1 — 
1 Theor. . = — — 2 
| — L., os 
2,4 2,41570—2,35218 ,06352 
N — 902119 © 


=3 years. 
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11. To mix wine at @ ſhillings a gallon with wine 


at & ſhillings a gallon, fo that the mweture may con- 
tain s gallans at u ſhillings per gallon ? 


Let x== ibe number of gallons at a ſhillings per galln, * 


then c—x== the number at 6b ſhillings per gallon, ax= 
price of the firſt fort, b X (c- -r price of the 
other, en==price of c gallon at n ſbillings per gallon, *.* 
ar4louhe pr an and we toads 


a—b 


' Example, How much wine at 5 ſhillings and 12: 
n a gallon muſt be taken to make a mixture of 
30 gallons, worth 10.ſhillings a gallon ? 


Here a, b== 12, c==30, n=10, whence 
=39X10=12X30 —bo 
. eee 
Inge. * + 8 
Aud ex=30—12==18 gallons at 18 ſpillings. 


12. What two numbers are thoſe which are to:one 
another as a to &, and the ſum of whoſe ſquares is c? 


Let x = the befi, thmartb::x: ——— grave 
| a 
therefore by the prob. —＋ 2 Sc, hence & = 
2 | . 1 
13. What two numbers are thoſe whoſe differenoe 
is 4, and the product of their cubes p ? 
Let x=the Ieſ5, then x+d=the greater, and x". 


is GENERAL PROBLEMS. 
. A=, this reſaboed gies æ e — 


8 5 ande LA U += 


| 14. . e 
of whoſe cubes is 37 


| ets = the greater, then m in: ex EP tefs, 
W x? 4 by the prob. and U e 


. 15. What two numbers are thoſe, the ** of 
| ' the greater of which multiplied: into the leffer pro- 
0 duces a, and the ſquare of x leſs multiplied into the 
| greater 5? | 


— | Let x =the greater, y=the kfs, thin x*y=a and: 
b, and dividing the firft eee 


and — « this value of a fubſlituted in the ſecond 


ON. - 
a 2 
_—__— 


I 


e ave baue 2 2, ee e ee) 


5 16. To divide the number a into two ſuch parts. 
meat their product and the difference of their ſquares. 
= be equal to each other. | 


Let v ne part, then a—x= the other, ant (a—x): 
5 = 2A *, that is - ga, which: 


GENERAL PROBLEMS. 2363 


1 1 and e Þ 
VE number FO. 


17. Divide the number. » into two parts ſo that the 
Product of the ſquares-of thoſe parts may be p ? 


Let x one part, then n—x= the vther, and x* X 
() by the prob. whence x X 2 
that is —— pos from the reſolution ze 's 


18. To find two rr whoſe ſum, 50 and 


the difference of their ſquares are all ! to each 
other. 

Let x==the greater, 5the leſs, then b the prob. 

32 and x+y=x*—y*, the latter of theſe di- 

I =3—y, Whence x=1+y this 

Nr e x in the R equation 1-+2y= 


5, whence y=—+o/ 2 1 and x (19) = 


** 5 
4 


10 Divide the number 4 into.two fuch parts, that 
the ſum of their ſquare roots may be 6. 


Let x=the greater part, then a—x= the befs, and 
By. the. prob. r N a—x=b, and ſquaring g both Len 
4 2 ax — * - = b* avhence a —xx= 


— 


again Jrvaring us 4 . . 
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1 . n 
F and a —w . 25 


20. Given the product FA and the ſum of the fourth 


powers c of two numbers to find them. 


Let x=the greater, | y=the beſs, then xy=þ and 
= add twice the ſquare of the firſt equation to 
and ſubtract it from the ſecond, and extract the ſquare 


root of the ſum and difference from, and wwe ſhall have 
Tag and a*—y* =o/ +—2þp, theſe rus 


equations added together ave get x= 


* 7 — 2 of 5 : 
1 , whence n be 


+ 21, A company of men put # 2 in the lottery, 


each contributed as many ** 
how many men were there? f 1 
Let x=the number of po each contributed, then 
4 1 man + x pounds : I x men 3; x* pounds; hence 
* 2 and æ n. , | 
- 22. To divide the number à into four ſuch parts, 
that if the firſt be increaſed by 5, the ſecond decreaſed 
dy c, the third multiplied into 4 and the fourth di- 
vided by e, the reſult in each caſe will be the ſame. 
Ia a, l abe parti, then Ca 


as there were men, 


Sa, and LI A == , whence x=dz—b 


| x 7 ä 5 
 g$=dz+c, w=dex, ſubflitute theſe values for x, 
: < in the for 3 — l 


4 whence . from which a Aub). 


. RPE 
H=dx+) :and uv de] may be found, l 


— 
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23. The ſum of the ſquares Sa, and the continual 
product & of four nuabers in arithmetical progreſ- 
ſion being given to find the numbers. : 
Let 2x=the common difference, and y—3x= the Iſt 
extreme, then will y—x, y and y+ 3x be the other 
3 terms, whence by the prob, (y—3x) ＋ (Or) *+ 
O3) S. a Fa 3. 24 3 
And (32). O-. OT. OT =. 
Which reduced gives 4y*+20x* =a. 
Aid y\—109*x* s. x 
From the former y*= 4 a— 5x*, conſequently y 
La 2 ai* 4252+ theſe values being ſubſtituted 
R | 7 | 
for y* and * the latter, we have 2 4. 


16 2 


4 45 2.—.— ax*+5ox*þgx*=b, from whence 
422 


e e eee 7 ved give. | 
. . ==” reſo ow x = 


/ Es beef = Eg it offs 


24. The difference of the means =4, and the dif. 
ference of the extremes =6 of four numbers in con- 


numbers. 


tinued geometrical proportion, being given to find the 
| a IN 
Aa 


a GENERAL PROBLEMS. 


| | Let OI of the means, then will 0 =the great= 

er, and © — the 5 whence x+0 . =: 
. 's * 2 8 

. ber ern, and za, *+a, x+0. 


— ns (nm — 2—Z—— : — 


2 ＋2a ä 


4 the greater — whence I ibs Slim, - 


2x— 24 
Tal- 22 2 «Sb 3 N EN 
* 24 which vgſalved gives x = 
VE 
25 5 The um 20 * the ſum of the ſquares=, 'of 
-three numbers in geometrical Proportion n given 
to find them. 
Les x, q, and x denote the numbers re oheftively, 
Then will ag. 
„ ee. 
And lie vu ſe . 
ves y in the firſt equation, and ſquare both fides, 
Fi which ſquare ſubiracting the Jecond equation, wwe 
have 24 —9 4 Jn=2ay+y -, but '7 the third 
ax =, whence y*=a — 2ay+y*—b, and y = 
MIL. , and by the ſecond Equation, * bat , 
2 þ 
from” which ſubtrafing 2x2==2y* there ariſes x*—2x% my 
mz: =b—33*, from which extrafting the ſquare root 
abe have x—z=v = z, but from equation 1 we 


— 
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have x +2==a—y;' whence by adding and 8 
theſe tauo laft equations, abe bave 2x=a—y+V. * y* 
and 22=a—yp—v z b-—3 y*- 


26. To find three numbers in ariimetical” 8 | 
fon whereof the ſum of the ſquares ſhall be , and the 
ſquare of the mean ſhall exceed the product of the ex- 
tremes by . 


x Let x=the mean, 2=conintdn diff. then x—zg x. an ; 
xx will be the numbers, but x -). (& ＋ ) +m 
by the prob. that bs = +m, aubence $=1/ m 


Now Vn =x*—2x4/ e . of 2 
E =" f 24. f 


eee v. 
4. fon 2x*þam=s, . 


27. Given the ſuni s, and product p of any 4 two 
numbers, to find the ſum of their ſquares, cubes/ bi · 
quadrates, &c. 


Let æ and y be the numbers, then 44 = n 60: "uy 


Bat (x+y)*=a*þ2xy+y* =5* by involution. 
And x*+2:xy+y*—2xy =5*—2þ by ſubtraction. 
That is, x* +y*==5*—2p=/um of the ſquares. 

*, Hyain (O+Ff), x (x43) an (3/—ap)-X# betanſe 
& ＋ y=5. 

Or HEA, ais by lib. 
Aituting 5þ for ts equal xy x (x +») becomes Ate $5.4 
* * ＋ l Ar Jum * · 

A | 


— 
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Ab ( N (14 = 0 Xs, or a+ 
zip, which by ſubſtituting 

 pX(f—2þ), for its equal, * ( becomes xt 
pX (f—2p) + yf=H—35p +. at+jt = —357 p. 
—þ X (s*—2þ) =5*—4s 74 2 4 = ſum of the biqua 


 drates, in like manner it ma ſhewn, that 1 4 yp 
=H—g55 I + 5op* = ſum of of the 5th powers, and n 
i — . — 7 — A 


2 
aa . i=2 pe 3 Ne of the 
| 2 * — 
nt powers. | 


28. Given the ſum of two numbers, and the ſum 
of their biquadrates to find the numbers, 


Put @ = half the ſum f the moles, x = half their 

difference, s = ſum of their fourth powers, then qwill 

\a+x and a—x be the e and (a Tx) * 

(a-) , ibat is, za + 12a*x* + 2x*=5; whence 

4 + 0a*x* a“; and comp. the fg, x* + ba*x* + 9g 
n=, conſequently x=1/—3a* + s + 84+ 

From auß Dr the found. n''g 


29. Given the ſum, and the ſum of the fifth powers 
of two numbers to find them. 


Let s = the fam of ths fb pears 1 
at in the preceding problem, then aue ſhall, have 
2a5 {200*x* + + 10ax*=s, which reſolved gives & 


uy 6K . a 


10a 5 


* 


30. Let the number of cards in a . 
divided into any number of heaps u, ſo that the ſpots 
on the bottom card added to the number of cards 
laid thereon may be 2, and the number of cards re- 


— * * 
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maining in the dealer's hand r, to find the ſum of the 
ſpots on all the bottom cards. | 


Let x = the fum required, alſo q+1 .n = the 
number of cards and ſpots in all the heaps, from which 
Jubtracting the number of ſpots, there will remain the 


number of cards only, that is q+ 1 . n—x<=p=—r; whence 
Ag +1 . n—p+r. | | 


31. If a oxen in 3 weeks eat e acres of | is; and 
d oxen in n weeks eat m acres of the ſame; how many 
oxen will eat r acres 'in s- weeks, the graſs growing 


uniformly ? ö 


Let x = number ſought, 1 = the graſs eaten by an 
ox in 1 week, ww = the graſs on an acre at ft, & = 
the increaſe per week per acre (after the firſt 5 weeks), 

=4 (= the exceſs of 9 weeks above 5), t=14(= 

the exceſs of 19 weeks above 5) ; thenriz = the increaſe 
on r acres in t weeks, rw the graſs on r acres at firſt, 
*, $XX=rw-+riz. (eq. 1). Likewiſe, mpz = the in- 
ereaſe on m acres in p weeks, and mw = the graſs 
thereon at firſt, Now if 1 0x : eats 1 . in 1 week 
d oxen : will eat an graſs in n weeks, *.* mw+ 
mpz=an, (eq. 2). alſo the groſs on e acres at firſt = 
what a oxen cat jn b weeks; *.* o<=ab, wt 
EY 2 
| (eq. 3); now 70 eg. 1, mull iplied into mp, add eq. 2, 
multiplied into rt, and mpsx + mrad f mpriz==dnrt + 
mprew + mpriz, which (by tranſpoſition, Qc. and 


writing => for w) Becomes cmpsx=cdnrt + abmpr— 
abmrt, whence 8 + abmpe —abmre 
3 4 cmpe | — 
Aa 3 


— 


ho — —— —— —— — - nn —— ———— —— ̃ ꝑꝗ : — 
- _ 
* 7 
% * 
” 
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Example. Suppoſe a=18, b=5, c, J=45, 
m=21, n=0,7=38, 5=19, t=14z PA, thes will x= 
$74599 60 onen. 


9576 


1 


32. Suppoſe a waterman can row # miles an hour 


with the tide, and » miles an. hour againſt it; and 


that he rows p miles up a river and back again in r 


Hours, the tide running uniformly the ſame way; re- 
quired the velocity of the tide? | 


Let v velbcity required, x = the time be rowed 
with the tide, then r—a = the time he rowed again 
it. 8 . | 
| bours. hour. , | 
#*Thenx:Þ::1:L = bis velocity with the 
F 4 : ; | 
tide, and r==x : p 1 2 = bis wehecity 


fon x 


againſt tide + lar the tide affifts him = v in ge- 


ing with it, and retards him = wv, as he goes againſt 
it, conſequently the diff. of his wel. = 2 . 


oF fon 


=2V, Or ve? 2 7 now becauſe bis wel. wwith 
| : 2X 2r— 24 1 | 
tide ts to his wel. againſt it as m io n,, Bis time of 
rowing with is to rowing againſt tide as u 10 m 


. : 1 mE | 
fubſtitute this ; for x in the eg. V= r e abe bade 


2X 21 — 24 


2 — — —— . 


2 — „ 


— — 


- © Becauſe the velocity is diretõſy as the ſpace deſcribed in a given 


* 
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r 


1 
2mr mar ; 


23. Sant two. luminaries: ig d b a. Wi 
Hos: to fl a point in the nad ers > 
lightened by both ? 

Let a = their diflance apart, x = the dift, of the 
lefſer from the point required, then a = diff. of the. 
greater, N 5 

| Now if the bodies are equal, the effi®s they produce 

will eas . . 2 


(amas)* 


Let the leſs be to the greater as m to . 
* 1 m _ 25 
Then will their ęffect᷑s be reſpeAively 22 a 


— — 
— 4 


* The effects of light from the ſame or equal luminaries are 5 
rages the ſquares of their diſtances from the reſpective points 


+ For the effects are direly as the bodies and inverſely as the 
ſquares of the diſtances. RES; 

if inſtead of a—x we had put a & for the diſtance of the greater, 
the ſolution would have been more general, includiag the caſe in 
which the point is beyond the ſmalleſt luminary, whereas the above 
fuppoſes the point ſituated ſome where between them. SSA 
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5 2am am |*. "am |* aw 
m—n n m7; my 


8 am YO EG 
aubence & en +/(— 3 
a” mMn. \m—R m—n 


34. The velocities of two moving bodies A and B, 
tending in oppoſite directions to the ſame point, toge- 
ther with the diſtance of places and times from, and 
in which they begin to move being given to find the 
point where they meet. - 


Let x = the dift. of A from the point where they 
meet, I = dift. of A from B, t = time between their 
ſetting out; alfo, let A move through the ſpace a in the 
time n, and B through the as in the time m; then © 
4 2 1 4 = the time A moves; and b:m:: 
i; 22 = the tine B moves, whevefore 
— =t by the prob. which reduced gives 
42 | 


+am 


Example. Two perſons being 59 miles aſunder, 
ſet out to meet each other, A goes 7 miles in 2 
hours; and B (who ſets out an hour later than A) 

8 miles in 3 hours — how many miles muſt 
each travel before they meet ? | | 


Here d=$9, a=7, n=2, t=1, b=8, m=3; and 


2X8+3X59,,_ | 
ez 7835 


— 


— 


35 Giventhe velocities of two moving bodies A 
and B, tending in the fame direction to the ſame 
place; together with the diſtance of the places, and 
times from and in which they begin to move; to find 
the place where they will be together. \ 


Let & = the dift. of A (the fartboft bedy) from the 
place required, d = dift. from A to B, t = interval 
of time — their ſetting eut. Let A move through 
the ſpace a in the time r, and B through the ſpace bun 
the time 5, then af 11 1 = time A moves; bis 


| u, 
Cas 1. If A ſets out before B. 

Then 2 aubich reduced gives x28 
bi—sd 


as 


Casz 2. If B ſets out before A. 


Then Cn LR aubence e ; 
| ; 4a - 


Example in caſe 1. B travelling g miles in 2 hours, 
ſets out 4 hours after A, who was 59 miles behind 
him, and goes 10 miles in 3 hours, how many miles 
muſt A go to overtake B. | 
| Here a=10, b=5, r=3, n, !=4, dzn5q. > 


Pan FORE, of. matte) X 10=196 miles. 
57 10 


5 Example is caſt 2. B travelling 5 miles in 2 hours, 
ſets out 4 hours before A, who was 59 miles behind 


3 
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kim, and goes 10 miles in + Howes; tow many miles 
muſt A travel to overtake B? 


Here the reft M the letters being as befare. 


ER e=SEAESNSD x 1052276 make 


10 *g K 


36. The weight w of any mixture, e with 


the ſpecific gravity thereof , and of each of the two 


things mixed à and 5, being 1 92 to find the quan- 
tity of each. 


Let x = wot of that hui, why 5 gravig.s is | 
-greateft, - | 


Ther 9s = wt of th wer, of 3 
22 bs... 
a . | : 1 

& | | 


1 be TT of the 3 
3 "body whoſe weight * 


4 p 


TT 


. 


Whence er abr 5 ben, 


L . 


Example. What « 


; (a=6).s 


quantity of gold is there ir in a mix- | 


2 — gold and ſilver, ror, whals weight is 85 oz. and 


TOE 


vity 15; the ſpecific quantity. of gold being 
of ſilver 1017 W oO As 


Here w=$c, 1165 a=19, rc. | 
1 iq) X19 X85 


BS =g7.08. of gold. 


* | 


| GENERAL PROBLEMS. 2 ĩð | 


37. The forces of ſeveral agents being given to de- 
termine the time wherein they will jointly produce a 
given effect e. a 


Let x=time required, and ſuppoſe 

A 7 of w 

B bc py e it times in the time & u 
| . Tc, | F 


C 
&c, 
Then 
2 1 2 „„ Z] 7 


n 3222 e 
5 1 „ 2 7 "oP 
2 1 
9 12 my Se. X=' £ : 
VVV en 
m n „ 


Example 1. A veſſel has 3 cocks, A can fill it in 1 
hour, B in 2, and C in 3; in what time will they all 


All it together? d 
Here a=1, b=1, r=1, m=1, #=3, 123 E5=z10 
I * 


Example 2. A can perform a piece of work once in 

3 weeks, B thrice in 8 weeks, and C 5p times in 12 

dane in what time will they jointly perform the 
ſame / = 
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rat, I;, c=5, z, a=, rin, e=1 


38. Wehe 88 B can jointly produee an 


effect in the time m, A and Ci in the time , and B and 
Qin the time r; in what time will each alone OT 
: the ſame effect! 


Suppoſe A could produce it in the time x, B in the time 


„, C inthe time x, and let 1 denote the eck. 


X Then 5 
* 11122 * 7 | A-in the time m - 
; 5 2 12: = [af „„ 
ü 2 EN 
| 0 | 
FF 3 To - | Q 3 
e e eee Go 
| ” |S 
| 8 
53117: 2. e 0 1 
| L 8 | 
*r 27 2 4 „ 
2 / 
„ Wh 2+ Lene Latin (Be.r.) 


> 


* 


' + 5 DE RE MT. Fi 
3 * TE WE ( 3) 


1 43 1 
Gn Ob tal (Eg: 2) | 


. 


- 


- 
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Their fon rt) — 


aw 


— 


7 


. 
* 


ee (Eg: 45 


e. 


E 


actiag ® I, 2, oY 3 from * 


7 2 2 „ 2 2 28 
(£9. 6.) 80 4 > 
— UBT FRI FR A EI 
2 "rl 2M 2 a W 2r 
(Fe. 7) bk 
| r 
* 5 X — = 
2mnr 
Eg. 6 38. nr+ . 
22 |. on... AOIOIE: 
. N mr ur n n 
Example. A and B can drink a barrel of beer in 
60 days, A and C in o, and Band C in 40. How 
many days will each alone require? 


Bb. 


- 
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+ Here = e 22 — 240000 — 
2 * wh; . mY ach; "thee 


240000 0 
2000 ＋ 3000—2400 OP 13 5 „ 
SPED 1250000 — 12 
oo 3080-200 7 5 


Bier.” y= 
ow. 1 


30. The hour and minute _ of a dock are ex- 


" actly — at noon; when are they next together? 


Ar/. at 57 minutes paſt 1. 


40. In 3 time will any ſum of mone double it- 
ſelf at 5 per cent. 27 annum ſimple intereſt? 


Au, 20 years. 


Tas: & perde bas *two Portes and a ſaddle worth 
Z 59. which if put on the back of the firſt horſe, will 


make his value double that of the ſecond; but if put on 


the back of the ſecond, it will make his value triple 
that of the firſt; what is the value of 6ath? - 


| At. One Z 30. the 55 


42. Old John who had ir credit liv'd, 
(Tho' now reduc'd) a ſum . 
This lucky hit's no ſooner found, 
Than clam̃ rdõus duns came ſwarming round; 
To Landlord - Baker many more, 
John paid in all- pounds ninety- four. 
Half what remain d- a friend he lent— 
On Joan and ſelf one fifth he ſpent; 
And when of all theſe ſums bereft, 
One tenth: oꝰthꝰ ſum receivid bed left. 
Say learned youth (I know; owe) 
What * relicyd the good old man. 


An. £ 141. 


43. Sold a quantity of tobaceo for 19, ſhillings 
part of it at a ſhilling a pound, and the reſt at 15 pence z, 
now the firſt / part was to the latter as 4 to f; bow; 
much was there of each ſort? . 

A. lb. at 15, and 8ʃb. at 1 5d. 


44. Required three numbers in, Geometrical Pro-. 
greſſion, ſuch that the difference of the firſt and ſecond 
may be 6, and of the ſecond and third 157 7 


_ Hnfe. 4, 10, and 26. 


45. Divide C 16. between A and B, ſo that the cube 
ol As ſhare may exceed the, cube of Bis by 300. 


. A'sfbare C. BS CN. 


46. Given the ſum of three numbers in Harmonical 
Proportion gab, and their continued product 576; 
what are the numbers? 4. 12, 8, and 6, 

To divide a given number N into 4 parts, ſo 
mt f another number a be added to the firſt part, de- 
ducted from the ſecond, multiplied into the third, 
and the faurth divided = the ſum, difference, 
product, and quotient, ſhall be equal to each other. 
| e N I 

An 4 — — ., — — ' and 

eee eee 

Nu en | 


- 48. A grocer ſold, 8olb. of mage, and 100lb. of 
| cloyes for £65; but he fold Gold more of cloves for 
£20. than he did of mace for £10, what price did he 


fell each at? | Gy 
Anf. Mace 100, per Ih, Cleves 5. per Ib. 
| Bb2 74 8 


==the parts required, 
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A bought 5 th ates new 
quare of 1 equal to the number * ſlul- 


: the K pat how many did each buy? 
| 42. A bought 12, B 5. 


; 85 As AundÞ eee oat A pays 08. 
* 9 


+" 1 pound the firft day, 2 pounds the 
7 N the third, and ſo on; in how many days 


will they "ive the debt, and what ſum did each pay? 
ORE An 12 days, A paid £96. B £78. 


5 r. du ppoſe 480 men are to de placed in the form 
of a . whoſe length and breadth together is 
to contain 52; how many men muſt there be in each? 


Au in Tength, 12. in breath, 


* 4 x lady being aſked her age replied thus— 


My age if multiplied by three, — 

T'wo-fevenths of the product tripled bez 

The ſquare root of two ninths of this is four 
| Now tell my age,. or never ſee me more. , 


AN. 28 years, : 


4: Three gumnblers ſtaked 112 guineas at play, but 
diſagreeing, each ſeized as many as he could; A gota 

certain number; B as many as A and 16 more—and 

C got a ſixth part of their ſum; how many had each? 


Anſ. A 40, B 56, and C 16. 


A merchant began the world with a certain 
| on, out of which to maintain himſelf the firſt year, 
| nt £109. he traded with the reſt, and at the end 
of erke e year had increaſed it by one third; he did ſo 

the ſecond and third years, at the end of which his 
wa 9924 was double what it was at firſt; what ſum did 
2" with ? oy £ 1480, 
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5. There is a wall whoſe length is 5 times its 
height, and its height 6 times its thickneſs, and it con- 
tains 4860 cubic feet of brick-work ; to find its di. 
menſions. | | 


Au.. Length go feet, height 18 feet, thickneſs 3. feet. 


506. A general diſpoſing his army in the form of a 

ſquare, finds that he has 284 men too many he then 
increaſes the fide by one man, and wants 2 5to fill up 
the ſquare ; how many men were there? 


7. Given x+ y a, x+z=6, and y+z=c to 


find x, , and x. 
a+b—c 24 — _ b4c—a 


« r : — — 
A r Thad Oats 8 
88. A man d ing left his wife with child, and 
l in his will that if the child proved a daughter 
ſhe ſhould have + of his property, and the mother 2, 
but if a fon, he ſhould have 4, and his mother here 
of; now it happened that the woman was delivered of 
a ſon and daughter; how muſt the eſtate (which was 
£6300.) be divided ſo as to anſwer the father's inten- 
tions ? « ; 
The hter 's ſhare . 
Auf ö 2 5 
The fon's = £3680. 
5 


$9. There are four numbers in Harmonic r- 
tion whoſe ſum is 555, and if the ſecond be taken from 
twice the firſt, the remainder is 2, but if half the fourtn 
be added to twice the firſt, the ſum will be 25, What 
are the numbers ? A. 5, 8, 12, and 30. 


4 


% 
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60. H money be lent, at three per cent. 
To thoſe who chuſe to borrow, _ 
In what time ſhall I be worth a pound 
If I lend a crown to morrow'? 


20 Auſ. 46z99036 gears, allowing comp. intere - 
61, In what time will e ee of £400. 
become equal to the diſcount of £520, at 5 per cent. 

Per annum? 1 OR a 8 A 6 years. 


62. Find the fide of a cube whoſe ſuperfiees is. to its 
ſolidity as 6 to 11. Anſe 11. 


- © 63: Two perſons-having an equal claim to an an- 
nuity of £ 100. to continue 30 years, agfee to. ſhare it 
in this manner, A is to enjoy the whole annuity for 
the firſt-10 years; B and his heirs . is to have the entire 
reverſion thereof for the remaining 20 years. | 
Required the rate of compound integeſt allowed in 

his contract,; and the preſent: worth of the annuity? - 

Aal. The rate intereſ CA. 185, yd. por cous. per 


enn. The preſent worth of the annuity- £15496 1 20. 64. 


* 


. 


